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DESCRIPTIVE TITLE Mann-Whitney U Test

CALLING NAME MANNWH NUCC085

0
INSTALLATION NAME Vogelback Computing Center, Northwestern

University

AUTHOR(S) AND
AFFILIATION(S) Alan Lupa, Department of Chemical

Engineering, Northwestern University

Dennis R. Goldenson, Department of
Political Science, Northwestern University

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201.
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

This program calculates the Mann-Whitney U statistic and reports
its significance at one of five levels of confidence (that is,
accept Ho, P > .10; reject Ho, P < .10, P < .05, P < .02, and
P < .01). There is no limit to the number of problems that can
be handled. Each subsample in a problem can have up to 2,000
cases. This is purely arbitrary; if one would want a larger sam-
ple-size capacity, he could merely alter the DIMENSION statements
in the source dec:( to the limits of core storage. Printed output
gives the probler number, alphanumeric problem label, the sample
sizes, the input variable format, the median and decile range for
each group, the U-test statistic (the smaller value), the value of
Z where the larger group is greater than 8, and a statement of the
level of confidence in the significance of U. (For a one-tailed
test, the points of significance are found by dividing levels by
two.) Since many behavioral-science data do not achieve interval
scaling, the U test is a very useful alternative for one who does
not wish to make the assumptions required by the parametric t test
in determining if two independent samples are drawn from the same
population It is one of the most powerful of the nonparametric
inferential statistics.
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USER INSTRUCTIONS

Description of Input Data

(1) Problem card

000 0001

Up to 80 alphanumeric characters label-
ing the problem

(2) Sample size card Cols. 1-4 sample size of smaller group
(right-justified)

5-8 sample size of larger group
(right-justified)

(3) F-Type variable
format card Cols. 1-80 standard F format enclosed in'

parentheses

(4) Data Smaller group followed immediately by
larger group

Repeat (1) through (4) as often as desired.

Description of Output

Printed output gives the problem number, an alphanumeric problem
label, the sample sizes, the input variable format, the median
and decile range for each group, the U-test statistic (the smaller
value, corrected for ties), the value of Z where the larger group
is greater than eight, and a statement of the level of confidence
in the significance of U. (For a one-tailed test, the points of
significance are found by dividing levels by two.)

Error Indications

None

Limitations

There is no limit to the number of problems that can be handled.
Each subsample in a problem can have up to 2,000 cases. This is
purely arbitrary; if one would want a larger sample-size capacitn
he could merely alter the DIMENSION statements in the source deck
to the limits of core storage.

4/69 3
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Job Deck Structure

Job card
LIBRARY (MANNWH)
LGO.
7-8-9 EOR

Problem card
Sample size card
F-type variable-format card
Data

Repeat as needed
6-7-8-9 EOI

EDUCOM

4 4/69
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SAMPLE INPUT
CD
CD
CD I5EOuENCE.NU532741

VLORR. ,CM36600. MANNWH

CD LIRRARYIMANNWH)

CD LGO.

r:D
END OF RECORD

THIs 10 A SAMPLE mLAOER CARD FUR THE TESTING OF THE MANN wHITNLY PRuGRAM
;.30c40007

(F2.0)
12

u7
23
12

78
32
56
45
65
2C
12
SAMPLE PROBLEMTHE LARG,R GROUP 1:4 GREATER THAN b. THUS THERE ia A 4 SCURL

00100013
(F2.0)
12
C2
45
13

45
12
25
24

02
Cl
23
96
75
69
56
12
78
85
32
25
45
12

75

EDUCATIUNAL INFORMATION NETWORK
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SAMPLE PRObLEM-- OATA ARE IMAGINARY IN THE3E PROBLEM.
00230027

CD

(F2.0)
CD

AO
CD

20
20

CD

24
CD

15
CD

20
15

25
25
21
21

15

25
16

11

16

16

16

12

26

26
12

12

17

17

22
17

2'
27

27
22
13

18

18

13

28
13

23

28
28

23
23

14

14
24
19

19

19

29
29
'END OF INFORMATION
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c SAMPLE OUTPUT
CD
CD PROGRAM mANNWH--

pROGRAm CALCULATING THE MANN-WHITNEV U-TFST.
CD WRITTEN BY--
CD ALAN LuPA, DEPARTMENT OF CHEMICAL ENGINEERING
CD DENNIS R. GOLDENSON, DEPARTMENT OF POLITICAL SCIENCE

NORTHWESTERN UNIVERSITY, 1966

THIS IS PROBLEM I. I

THIS TS A SAMPLE MLADFR CARD FOR THE TESTING OF THE MANN WHITNEY PROGRAM

SAPIPLF SIZE--
THE SMALLER GROUP = 4

THF LA9GER GRCUP = 7

DATA IS READ IN UNIAR THF FOLLOWING FoRmAT.-
(E7.0)

SUMMARY OF DISTRIbuTInNs

MEDIAN DEC1LE RANGE

THE SMALLER GROUP w 12.0 16.0

THE LAPGER GROUP = 45.0 66.0

MANN.wHITNEY 0-TEST STATISTIC 8

SIGNTEICANCE OF U-STATISTIC--

3

ACCEPT NULL HYPOTHESIS AT 10 LEVEL OF CONFIDENCE

PRn6P4m mANNWH-- THIS Is PROBLEM NO. 2

SAMPLE PROHLFH--THE LARGER GRCUB IS GREATER THAN 8. THUS THERE IS A Z SCORE

SAmBLE SIZE--
THE SHALLER GROUP = In

THF IAPGEB GRoUP = 11

DATA Ts READ IN 0NUER THE FOL''wING FoRmAT.-
(F2.0)

THE SmALLEH GROUP =

SUMMARY OF DISTRI8UTICNS

MEDIAN acILE RANGE

12.5 13.5
THF LAPGER GHCUP 56.0 73.0

4/69

mANN.WHITNEY 0-TEST STATISTIC 8 pl

SIGNIFICANCE OF U-STATISTIC...

Z

HEiFcT NULL HYPOTHESIS AT .05 LEVEL OF CONFIDENCE

7
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PPCGRAv HANNoim-- THIS Is PHCBLEm NC. 3

SAMPLE PROHLEM-- DAIA auF ImAoINAPY IN THEF,F PRnBLEMS.

SAMPLE SIZE--
THF SMALLER GRoup =
THF LARGER GHCUR =

DATA IS READ IN UNDEH
(F7.0)

23
27

THE FOLLOWING FCRMAT....

SOmmARY OF UISTkIbUTIONS

MFDIAN DEC1LE RANGE

THF SMALLER GRCUP = 13.0
THF LARGER GHCUP = 15.0

mANN-wHIINEY Li.TEST STATISTIC 213

SIGNIFICANCE OF U-STATISTIC--

/

4E.Jr.r_T NOLL HYPOTHESIS AT .10 LEVFL oF CONFIDENCE

8 9

EDUCOM
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r-1 COST ESTIMATE

For the job listed on the Sample Input, the total running time wa

0 .324 seconds for central-processor time and 12.792 seconds for per-

0 ipheral-processor time with a memory useage of 36,600 words. Charge-

able computer time was $1.00 (Northwestern University minimum job

charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS --MANNWH

pages

1,2 Identification & Abstract
3,4 User Instructions
5-8 I/0

9 CostContents

4 / 7 0 9
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DESCRIPTIVE TITLE Subtle, Unbiased, Zealous Yatagen of Ques-o
tionnaires

CALLING NAME SUZYQ NUCC1S0

INSTALLATION NAME Vogelback Computing Center,
Northwestern University

AUTHOR(S) AND
AFFILIATION(S) Program written by Brent M. Rutherford,

Northwestern Univer-
sity

Converted for the
CDC 6400 by Janos B. Koplyay

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400 (Scope 3.1 0.S.)

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

This cycling program makes possible a scoring and weighting of
questionnaire items, as well as providing comprehensive item-anal-
ysis measures, test-analysis measures, and factor analysis with
varimax rotation of the tetrachoric interitem correlation matrix.
For the purpose of item analysis, internal as well as external cri-
terion scores may be utilized.

The program permits the user to correct and/or weight a set of test
responses (including data that have already been scored). For the
cases where some data values may be skipped or missing, there is
an option for the insertion of a specified average value in their
place. SUZYQ provides a count of the total-response score per it-
em and per subject, expressed in raw score units, z score units,
and t score units. In addition, a total-test-score frequency dis-
tribution is constructed, using the same three types of units.

The total test score is then subjected to an item analysis with
corrections for the nonindependence of the calculated correlations.

continued
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Finally, a two-way variance analysis is performed, using the meth-
od of Hoyt, with basic analytic parameters computed from the ele-
ments of the summary table. Options include item analysis by cri-
terion and a derivation of up to ten factors from the tetrachoric
interitem correlation matrix (using a Kaiser varimax factor anal-

ysis).
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USER INSTRUCTIONS

Limitations

(1) No more than 190 variables
(2) No more than 99,999 subjects
(3) If a score is missing (blank or minus zero on the data card) ,

it will be correctly accounted for by the program (so-called

Biased Missing-Data Method)

Preparation of Data

The program expects cards in the following sequence

Title Card

Columns

1-72

Contents

Title to be printed on output (any alphanumeric
characters)

Problem Card

Columns Contents

16-20

21-25

Number of variables, right-justified (maximum 190)

Number of subjects, right-justified

Maximum number of principal components to be computed,
right-justified
If blank, the number will be determined purely by
the eigenvalues. The program will replace any speci-
fication of more than 50 principal components by 50.
A zero punched in this field will make the program
compute means, standard deviations, and intercorre-
lations and go no further.

Maximum number of factors to be rotated, right-justi-
fied
If blank, the number of factors rotated will be de-
termined purely by the eigenvalues, except for an
upper limit of 50. If this specification exceeds
the number of principal components calculated, then
the program will limit the number of factors rotated
to the number of principal components calculated. A
zero punched in this field will make the program skip
rotation.

Minimum eigenvalue for which principal components
will be computed. Punch for F5.2 format. If blank,
will be taken as .8

continued c.1
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Problem Card continued

Columns Contents

26-30 Minimum eigenvalue for which a factor is rotated.
Punch for F5.2 format. If blank, will be taken as
1.0

31 Blank; input data located on cards
4; input data located on alternate tape (logical
tape 4). Only the data cards described below can
be on tape 4. The program and control cards (in-
cluding this one) must still be on cards

32 Number of extra variable format cards (in addition
to this one)

33 Blank; unities to be placed in diagonal of correla-
tion matrix
1; squared multiple correlations to be placed in
diagonal

34 Blank; correlation matrix will be printed
1; correlation matrix will not be printed

35-36 Blank

37-72 Variable format for one subject (must begin and end
with parentheses and describe data in F format)

Variable-Format Cards (optional)

Columns Contents

1-72 Continuaticn of variable format if needed. Up to 9
cards may be used, as specified in the problem card,
Col. 2.

Variable-Name Cards

Columns Contents

1-6

7-12

67-72

Name of first variable (any alphanumeric characters)

Name of second variable, e"cc., until

Name of 12th variable. Continue on as many additional
cards as necessary. The total number of names must
equal the number of variable

cD Data Cards

o First comes the subject's score on the first variable, then his
score on the second variable, and so on. The columns must con-

N.) form to the variable-format statement.

4

4 4

continued
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Additional problems may follow, each beginning with a title card

0 and ending with data cards.

Job Deck Structure

5/69

Job, . . .

LIBRARY (FACTOR)
LGO
7-8-9 EOR (multipunch in Col. 1)

Title Card
Problem Card
Variable Format Cards (optional)

Data

6-7-8-9 BOI (multipunch in Col. 1)

Note: Specify CM11A000 on job card for program FACTOR

5 4t77°
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(-N1

CD SAMPLE INPUT
CD
CD VLc118, ,c)0110000. FACTCR

LIARA9y(FACTOR) .
CD LGC.
CD SCcRES FROM 0E2RESSICr, 6ATING SCALE
CD 13 150 (12x, 13F2.0)

A ii 5-VA AN REP HY-S HY-C P0-S PD-C PA-S PA-C L 1

/Nc
2

()IMO?

::::::
PICHCT

P8igg;
PICHCT

:IgrT
PICHOT

PIE

:PIET

FTIFTT
PICHCT

::::::

PPPPPTIliTT

PicHCT
PICHCT

PT0807

PICHCT

VICCPTT
PICHCT
PICHCT

: if::
PTC807

:11g;TT

11111

:141;14TT

:iggTT
PICHCT
P ICHCT
PTC80T
P ICMCT

PICHCT
PICHCT

PICHCT

PiTiTT

:=

PICHCT

;;;;;TTT

:::::: continued
Pfr801 NI

CD
CD
0

1

2
3

4

5
6

7

7 91329101121 8 7
9121333 51.'1261219
6 825 811 6 916
3121318 7 9161213
4 81120 91020 9 9
3141822 8112 91322
1010123211 9 81211

6 6
811
6 9
6 6
4 A
915

2 2

5 1

4 8
2 0
5 0
9 6
7 0

5 2
8 9 71518 811111111 5 7 6 1

9 11151934 6 626 815 715 5 0

10 71519241)142510171121 8 2

11 12 8 634 8 A 6 5 4 4 7 7 7

12 3 51418 91215 717 8 7 4 1

13 15 510321017 4 8 4 6 010 3

14 16101232t21121 514 516 7 6

15 31313e0 8 7221022 817 2 3

16 10 4112910)6 8 910 4 3 4 0

17 4 7 918 7111')10 7 5 4 2 1

18 8 3 9241016 91113 7 7 7 3

19 16 91531 91n171U1010 5 3 1

20 13 8 736111' 612 7 9 7 6 2
21 9 612291116 710 4 8 1 5 9

22 13 6 635 511 5 7 9 8 1 6 1

23 13 3 723 62i 6 9 7 6 3 6 1

24 7 9 y34 81' 5111? 711 1 6

25 13121634 610231116 8 3 4 3

26 13101737 6121s10 7 8 7 6 4

27 914193e11 723 714 512 4 3
28 8131331 71113 5 8 7 7 5 4

29 14 41035 611 9 710 4 6 7 4
30 5 61220 5e-31410 7 9 4 9 1

31 10 1 727 916 613 6 7 511 3
32 14 81631 1102'1411 71n 9 4
33 6 81020 712211521 917 0 2
34 10 5 93e12 9 11012 7 8 6 0

35 1517203h12 A24 717 717 6 1

36 9 51228 81121 8 9 4 6 8 0

37 1213152911 627 922 714 2 7
38 9121826 51416141411 7 4 0
39 9 9 924 512211115 4 A 9 0
40 13 5103? 914 7 710 6 7 9 3
4! 716112! 61216 9171010 4 C
42 14 51033 4141112 8 4 4 5 2
43 1512 934 9 91411 9 8 5 2 3
44 13121835 9172o1e 9 9 7 9 5
45 4121421 614241218 712 4 1

46 11 3 928 71n12 817 411 7 5
47 16 51534 8162110 9 9 6 5 2
48 1311 9321014101316 7 9 5 3
49 6101726 61119 8121011 3 1

50 413152511 824 817 7)2 6 2
51 1417114012 7251220 618 5 5
52 6 7 911 418 31010 7 4 3 2

53 11131327 71121 815 9 9 4 2
54 11 51531 3)815 m 111 5 7 3

55 11 1 22, 91A 111 2 4 1 9 3
56 15 61234 7 7 71115 6 7 5 3
57 15131837 611 41211 8 A 8 4
58 9 712231014211113 6 5 ii 4

59 8 9 928 5111413 4 5 3 7 0
60 9 4 918 51C 410 9 5 410 1

61 9 61138 61014 9 7 5 4 4 0
62 16 6113610 9141013 710 8 4

63 1013 9341412121110 7 4 7 3

64 8 71633 61715 b 9 6 7 8 7
65 6 4 421 619131013 7 9 4 E
66 12 711351211 511 b 710 5 3
67 1615123013 8191017 715 1 1

68 1516123714 624 717 114 2 2
69 13101241 9 A 9 1, 811 I 2

70 14121040 9 7 4 714 912 7 3
71 1311 931 8 7 'i 9 3 4 4 $ 0
72 8 11119 81,12.111 9 8 6 1 4

5/69

000 0002

CD
CD

7 CD

/6/17



EDUCATIONAL INFORMATION NETWORK EDUCOM

000

71
74
75

76
77

7H
79
Ho

41
42

83

0002

141o1531 v14 h i 3 2 4 2
1 31 1 1 33 7111110 511 3 6
12 i 526 02, r11 7 7 310 3
7 4 32,, 214 2L1 7 2 3 6 0

1513121911 ,.17 016 7 2

15 4 6'53 4Iti ?I? Pj 4 9 9 2
6 4 9!1 31A 51111 9 5 5 1

16 h 735 71613 8 h 6 3 4 4
16 8103,., 616 714 6 6 1 7 2
13141921 61119 916 b 7 3 3

71n 621101515 318 814 7 9

P1CHOT CD
PICHOT CD
PTCHOT CD
P1CHOT
P1CHOT CD
PrcHOT CD
PICHOT CD
PICHOT NJ

PICHOT
PIcHOT
proloT

84 310 824 31s1 111 9 7 cl S 0 PICHOT
R5 11 5 729101716 911 511 2 7 PICHOT
H6 13 I 934 h14 812 5 8 410 0 PICHOT
87 101/1831 9 625 920 914 5 1 PICH0T
RA 1110133410 All 4 4 2 h 4 3 PICHOT
89 L6 9 441111? 510 9 4 6 4 2 PTCHOT
90 12131230 8 4151017 5 6 6 4 PICHOT
91 1010103L1315241518 H15 H 6 PICHOT
92 15 2 7341012 9 S n 3 5 5 6 PICHOT
93 613)323 5 7?41224 919 1 1 piTrHoT
94 15 6 934 71AV/1.11410 5 5 1 PTCHCT
95 141u 93711 9 7 4 3 7 6 6 2 PTCHOI
96 13 71030 515131415 7 4 H 4 PTCHOT
97 1010133v10 A181017 612 3 ? PTCHOT
913 10 9 729 H1711 91210 8 5 H PICHOT
99 13 6132h m 911 6 0 6 3 6 1 PICHOT
00 4 A Hlh rlAilldl? H)n h 1 PTCHOT
01 10 0 61e 3?1, 814 7 9 3 7 3 PICHOT
02 1010 R33 /19111111 9 911 3 PICHOT
03 6 5 714 07(11010 h 4 1 5 6 PTCHOT
04 10121031101/ 419 9 R 4 0 PTCHOT
OS L)141736 91114 P1i 5 A 6 3 PICHOT
Oh 16141241 9 97111101013 7 7 PlcHOT
01 14 4 334 419 413 H 212 0 PIcHoT
OA 9141429 91119 91h 910 2 1 PICHOT
09 1411153511 419 918 613 2 3 PICHOT
10 8 m 9, 9271711 9 6 R 8 4 PICHOT
11 4 91225 61111 910 7 R12 4
12 610 9.3t, 01523 d 01113 8 5 PICH0T
13 1213123A 9 4 A14 716 5 3 PICHOT
14 1412133410 916 711 h 6 4 7 PICHOT
15 7 01?21 41h2o11121110 9 3 pycHoT
16 10 9 732 514161213121? 9 1 PICHOT
17 8121633 5 17n 811 9 A 7 1 PICHOT
18 15111632 6 522 614 8 9 5 0 PICHOT
19 12131431 7 917 911 H 5 9 PICHOT
20 7 4 22h 6?0 111 H 6 412 1 PICHOT
21 6 4 416 3201p1211 9 s 2 PTCHOT
2? 10 / 7741715 610 g, 5 0 PICHOT
23 13101835 51r161114 6 6 4 0 PICHOT
24 9 6 4241('1A 613 9 6 6 H 2 PICHOT
125 141417n k Q??. 918 61? 4 0 PTCHOT
126 11 6 624 61415 4 61u 9 3 4 PICHOT
127 15 1 834 516 P 9 4 5 ? 7 4 PICHOT
12H 13 6113v 81 ) Q 6 h10 711 1 PICHOT
129 11101526 4110101412 6 7 ) PTCHOT
13n 1111 929 7 91610 h 6 6 1 5 PICHOT
131 7 4 415 5161313 612 H 4 2 PIcHOT
132 3 k H1b d?2?'1121H Ei14 61? PICHOT
133 1411113b111119 ti 6 6 4 h 4 PICHOT
134 510 1433 91,141119 810 612 PICHOT
135 131610341?1115 818 811 4 4 PICHOT
136 5 8 91/ 718161516 5 6 3 4 PICHOT
13/ 6131125 1.4 52'1322 H1R 0 4 PICHOT
13H 7101114 21?1210 h 4 3 3 2 PICHOT
139 14 6 Hi/ 915151215 812 8 2 PICHOT
140 11 3 22/ 91' 412 4 5 4 1 PICHOT
141 11 2 Sit 814 4 9 1 6 3 6 5 PICHOT
142 5 81420 714731016 510 7 3 PICHOT
143 12 81930 7 416 911 h 9 610 PICHOT
144 1210 932 91111111L 4 6 6 4 PICHOT
145 15 2 726 62) 313 I 7 110 2 PICHOT
146 10 3 932 719 611 6 9 1 n 7 PICHOT
147 1411 940 9 714 /12 310 5 5 PICHOT
14R 13 9123o 91111111/ 4 7 R 6 PICHOT
149 16121440e /281018 H23 2 0 PICHOT
150 8 601.32d r14?1141310):1 6 PICHOT

8 5/69
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r 1

CD SAMPLE OUTPUT
CD
CD PP1NC1PA1 FACT:':8 ANALYSTS PW;LIHAm

000 0002

CD
CD Sr-NES IrnPFSSION POING SCALE

CD
r!.:,,AAT F 1,11TA CA0:JS 112A, )3r2.0)

13 VAkIANLFS

150 SuHJECTS

vAPIA8LE

MFRN5

CRS

AND 5TANDARO DEVIATIONS

MEAN SIO 0Ev

A 150 10.4867 3.7160

H 14. 8.7785 3.8535

5-VA 150 10.8667 4.0430

Am 130 29.4467 6.6267

PFP 150 7.7933 2.5444

HY-S 150 12.4867 4.1915

HY-c 150 13.8933 6.8953

pn-s 150 9.9333 2.4812

P0-') ISO 11.5867 4.9659

PA..5 150 6.9733 2.1518

pA-O 150 8.0200 4.5325

L 150 5.7600 2.5189

INC 150 3.0000 2.4983

c-,PRELATIONS

VAPIABLF

A

A

1.000

.051

p

1.0(10

5-vA AN HrP HY-S Hy-C PD-S P0-0 PA-S PA..O L /NC

S-VA .066 .612 1.000

Am .742 .119 .209 1.000

PrP .3?9 .3n1 132 .434 1,n00

MY-5 -.226 -.618 -.500 -.4)5 -.184 1.000

Hy-0 -.166 .c.,78 .591 -.031 n94 -.339 1.000

Pn-s -.200 -.171 -.243 -.275 -.217 .379 -.018 1.000

Pn-c -.1+47 .40 -.Ulu .10,0 -.453 .501 .078 1.000

PA-S -.161 .176 .139 -.D84 ...231 .171 27R .221 .157 1.000

PA-C -.101 .500 .362 .109 .306 -.461 .621 -.04? .746 .266 1.000

.0H3 -.422 u?6 -.118 .389 ..284 .055 -.382 .004 ems 1.000

INC ..)06, -.o30 -.01 .125 0000 .080 -.136 090 -.041 .103 .009 1.000

5/09
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000 0002

1

PRTNc1PAL COMPCNENTS

FIGENVALUES

4.15p l.45 1.144 1.00 .959

PEPCENT CF VARIANCE

31.4P? 1.896 c/.11!", N.425 7175

FACTCR LCA0ING5

A -./q4 .370 -.ION .1?4

.o12 .11f- 365 -.030

S-VA .711 .011 .2'24 2h3
.155 -.7A? .350 -.157 n76

PFP 4?N -.51n -.177 -.245 .331
kv-5 -.7417 .114 .157 -.236 .n?6

.7?"/ 394 .0,0 -.1A3
pn-5 -.754 49r. .9 -.1A7 A15
P0-C 70., 171 -.17 -.127 .P16
PA-c .136 .501 41719 -.264 -.I4N
PA-c ./p1 24.4 -.015 -.273 IS2

-.44-e -.149 356 -.316 -.797

7c .08i -.07c -.44? -.753 -.117

1 3 4

VAPIMAX POTATION

PEPCEmT OF VARIANCE

30.663 16.,45? 12.130 8.66A

ROTATLO FACTCR LOADINGS

A -.115 -,87p .0049 (43
.14 -.)s? -.345 0,3

S.VA .694 -.?nP -.077 .309
Ai .115 -.410 -.115 -.021
PFP ?37 -.406 -.150 -.346
14v-5 -.606 .119 51( -.076

.HIA ,i4S .148 -.034

P0-5 -.(1741 .)84 .551 .015
Pn-C .817 155 .005 -.191
PA-5 .11? .n%)7 .779 .0145

PA-C 01P0
-.-)41

eovo
.419 -.013h

-.0?c, -.040 -.878

EDUCOM

C=
C=

10 5/69
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000 0002

COST ESTIMATE

For the job listed on the Sample Input, the total running time
was 1.883 seconds for central-processor time and 18.814 seconds
for peripheral-processor time with a memory usage of 110,000

words. Chargeable computer time was $1.00 (Northwestern Univer-

sity minimum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS FACTOR

pages

'1 Identification & Abstract
3-5 User Instructions
7-10 I/0

11 CostContents

4/70 11 or'1,11



EDUCOM EDUCATIONAL INFORMATION NETWORK

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0003

Student's T and F Ratio (with provision
for missing data)

STDNTF2 NUCC019

Vogelback Computing Center,
Northwestern University

Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

STDNTF2 is a larger, more complex version of STDNTF1 (see EIN No.
000 0013) and is capable of handling up to 500 T tests between
two groups. Such a test compares an appropriate sampling (T) dis-
tribution with the normal distribution. The program tests also
for consistency of performance on all tested variables.

The handling of multiple jobs, the availability of certain data
transformations, and provision for cases in which the data con-
tain missing items are features of this program.

5/69 1
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EDUCATIONAL 'NFORMAT1ON NETWORK

000 0003

[so USER INSTRUCTIONS

Description of Input

The input data r,onsist of score cards for each group. Variable

format may be used.

Cards Columns Contents

1 1 2 Number of jobs to be done

2 1 3 Number of subjects in the first group

4 6 Number of subjects in the second group

7 9 Total number of variables to be tested

10-11 Transformation code (see below)

3 Variable format of the scores (F format
only); format of the groups must be the

same

4 Continuation of format. If not needed,
blank card must be used.

5 Score cards of the first group, followed
by score cards of the second group; then
header card (card 2 above) for the next
job, and so on for subsequent jobs. (If
no further jobs are to be done, simply
end with last score card.)

Note: Subsequent jobs begin with card 2 above.

Description of Output

Only printout is obtained.
1. Means and standard deviations of the first group
2. Means and standard deviations of the second group
3. Number of degrees of freedom
4. Variable number and value of student's T for the difference be-

tween the two group means(for each variable)
5. A table of degrees of freedom and F ratios, to determine the

appropriateness of the assumption of homogeneity of variances;
T's are computed whether or not this assumption is rejected.

6. The results of the second group

etc.

5/69 3
F,

continued
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000 0003

Transformation Codes

01 no transformation
02 log 10
03 square root
04 square
99 different for each variable (use transgeneration card of BMD

Manual). Transgeneration cards should be inserted between
cards 4,5 if used.

Job Deck Structure

Job Card
LIBRARY (STDNTF2)
LGO.
7-8-9 (EOR card)

(Program Control Cards and data deck)
Card 1-- Number of jobs
Card 2 Subjects, variables, and transformation code
Card 3 Format Card
Card 4 Format Card (must be present)

Score cards for group 1
Score cards for group 2

Repeat
for ad-
ditional
jobs,if
any

6-7-8-9 (BOI card)

REFERENCES

The user is referred to the program BMD29 (Vogelback Computing

Center, Northwestern University), EIN No. 000 0012.

4 5/69
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NI
CD SAMPLE INPUT00
0 NINAMT111.11o145000. STON7F2

CD L60.
O 4

9 4 2 1

(2F2.1)

1020

2010
3010
2020
1020
2010
3020
1030
2n10

5 4 2 1

(?F2.1)

lnlo

10
2010
10

20

1020
2020

10
30

5 4 2 1

(2F2.1)

1020

20
1n30
1020
2030
2020
1n10
2030

3 3 4111

(20F4.0)

2. 1. 5. 7.

2. 1. 1. 5.

3. 2. 5. 6.

A. 8. 8. A.

S. s. 5. S.

4. 4. 4. 4.

5/69 tn. to
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EDUCATIONAL INFORMATION NETWORK EDUCOM

000 0003

SAMPLE OUTPUT

STU 1- NT S 1-TEST, WILL HANDLE MISSING DATA.

GRoUP 1 mEANS
1.800

GROUP MEAmS
P.000

GROUP 1 STD DEV.
.83

GR,9IR 2 STD. DEV.
.81A

1.A(J.)

1.750

Si48

.957

NUMBFR OF DE6PEES OF FRFFDOm =
7 7

VALUES OF STUDENTS T

VARIABLE 1 = -.3600

VARIABLE 2 = -.2977

VARIABLE NUE 1 NOF p F RATIO

1 4 3 1.05
2 3 4 3.06

STUDENTS T-TEST. WILL HANDLE MISSING DATA,

GROUP 1 MEANS
1.333 1.250

GROUP 2 MEANS

2.000 10667

GROUP I STD. DEV.
.577 .500

GROUP 2 STD. DEV.
1.000 .577

NUMBER OF DEGREES OF FRFECTOM
4 5

VALUES OF STUDENTS T

VARIABLE 1 = -1.0000

VARIABLE 2 = -1.0249

VARIABLE NUF 1 NU 2 F RATIO

1 2 2 3.00
2 2 3 1.33

41-1C,

0:0

continued

6 5/69



EDUCATIONAL INFORMATION NETWORK EDUCOM

000 0003
STIIDFNIS I - T F. S r

riPoUP 1 mEANS
1000 1.NO

GROUP F 'AtAW-1
1.750

GPOUP 1 STD. OFV.
.707

GRnuP 2 SID. DEV.
c.)00 .9S7

K101,48FR OF OF,,REES OF FRPFDON, =

6

V4LUFS OF 51001:AN 1

VAPIARtF 1 = -1.1m1d

VADIAM E ? =

VAPIA1-11.E NOF 1 NOF F HATTO

1 1 2.no
2 3 1 1.73

69!1111) 1 vEAN`-,

P.333 1 .sil

GpoUp P mEANS
5.667

nr,/noP STD. De/.

onto, ? sro.

30o47

50667

2.109

2.r0.12

W ILL HAN I) LE MISSING DA T A.

6000

5-667

1.000

p.oR2

NUMBFw oF OF- Fqckoom =
a 4 4 4

%MOWS OF SPIDFATS r

VAPIAH1E 1 =

VAPIAME 2

k/APIAHLE 3 = -1.114

VAPIA41E 4 =

VAPIA1.11F NOF 1 401. 1 F HATA°
I 2 ? 13.00
7 z 2 13.00
3 z 2 1.23
4 2 4.33

CD
CD
CD 7 5/69
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EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0003

COST ESTIMATE

For the job listed on the Sample Input, the total running time was
0.304 seconds for central-processor time and 13.860 seconds for
peripheral-processor time with a memory useage of 45,000 words.
Chargeable computer time was $1.00 (Northwestern University mini-
mum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS STDNTF2

pages

1 Identification & Abstract
3,4 User Instructions
S-7 I/0

9 Cost--Contents

4/70 9
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EDUCOM EDUCATIONAL INFORMATION NETWORK

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

000 0004

Subtle, Unbiased, Zealous Yatagen of Ques-
tionnaires

SUZYQ NUCC150

Vogelback Computing Center,
Northwestern University

Program written by Brent M. Rutherford,
Northwestern Univer-
sity

Converted for the
CDC 6400 by Janos B. Koplyay

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400 (Scope 3.1 O.S.)

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

This cycling program makes possible a scoring and weighting of
questionnaire items, as well as providing comprehensive item-anal-
ysis measures, test-analysis measures, and factor analysis with
varimax rotation of the tetrachoric interitem correlation matrix.
For the purpose of item analysis, internal as well as external cri-
terion scores may be utilized.

The program permits the user to correct and/or weight a set of test
responses (including data that have already been scored). For the
cases where some data values may be skipped or missing, there is
an option for the insertion of a specified average value in their
place. SUZYQ provides a count of the total-response score per it-
em and per subject, expressed in raw score units, z score units,
and t score units. In addition, a total-test-score frequency dis-
tribution is constructed, using the same three types of units.

The total test score is then subjected to an item analysis with
corrections for the nonindependence of the calculated correlations.

continued

5/69 1
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000 0004

Finally, a two-way variance analysis is performed, using the meth-
od of Hoyt, with basic analytic parameters computed from the ele-

ments of the summary table. Options include item analysis by cri-
terion and a derivation of up to ten factors from the tetrachoric
interitem correlation matrix (using a Kaiser varimax factor anal-

ysis).

24)
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000 0004

USER INSTRUCTIONS

Description of Input Data

The user must specify the following information.

1. Control parameters such as the problem name, the number of sub-
jects and test items, and the desired option

2. Input format
3. Test-scoring key (correct responses)
4. Test-weighting key
S. Data input

Layout of Deck Cards

Card Column Program
symboZ

Definition Range or code

Name
1-80 ANAMPRB Alphanumeric name

of the problem
Any character
or comment

Parameter
1-3 SUBJECTS Number of subjects < 500

4-6 TSTITEMS Number of test
items

< 60

7 ISCROP Subject-scoring
option

0 = no output
1 = punch
2 = print

8 IBISOP Type of item an-
alysis

0 = no analysis
1 = product moment
2 = biserial

9 MISSOP Missing-data op-
tion

0 = nothing
1 = substitution

of AVDATAa
2 = count mis-

sing cells,
no insert

10 LASEWELL Scoring/weighting
option

0 = none
1 = correcting
2 = weighting
3 = correcting

and weight-
ing

5/69 3
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000 000'

Card Column Program Definition
symbol

Range or code

Format

11,12 IUPLIMT Highest score for right justify
item on input cards

13,14 LWLIMT Lowest score for right justify
item on input cards

15-18 AVDATAa F4.0 (see below)

SO ITET Tetrachoric matrix 1 = Yes (required
option (only if if factor
TSTITEMS < SUBJECTS) analysis is

calculated)

51-52 NF Number of factors zero or blank =
to be extracted no factor anal-

ysis; any right-
justified num-
ber < 10 calls for
fact-6r analysis

75 IDEND ID number follows 1 = Yes; if so,
data no criterion

or factor
analysis
possible

76 NOITEM Suppress item-score 1 = Yes
printing

77 NORES Suppress item-re- 1 = Yes
sponse distribution
printing

78 NOFREQ Suppress score-fre- 1 = Yes
quency distribution

79 IOVER Correction for over- blank or 0=
lap Henryssons's;

1= Guilford's

80 ICRIT External criterion 1 = Yes; if so,
score included must immed-

iately fol-
low ID

1-80 AFORMAT Format describing
location of ID, cri-
terion score(if used)

4

continued
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46r Card Column Program
CD0 symbol

Definition

000 0004

Range or code

and item responses.
ID in I format
aZZ eZse in F for-
mat

< 12 fields/card

Score card, if used

As specified by format, the table of correct items

Weighting card, if used

As specified by format, how to weight items

Data cards,

As specified by format

aAlIDATA (with a format of F4.0) is to be the inserted average val-
ue if Col. 9 (the MISSOP option) is 1. This is principally used
in psychological testing or attitude inventories (where such an

average value might be desired whenever an item is omitted).

Description of Output

1. The input parameters and computed metrics are all printed.

2. Subject test scores with z and t scores may be punched, print-
ed, or neither.

Job Deck Structure

Job card
LIBRARY (SUZYQ)
LGO.
7-8-9 (EOR card)

Name card
Parameter card
Format card
Scoring card(s), if specified
Weighting card(s), if specified
Data cards

6-7-8-9 (EOR card)

5/69

(Program control cards
and data may be repeated
for as many cycles as de-
sired. separated each time
by an EOR card)
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SAMPLE OUTPUT
PROGRAM WRITTEN BY BRENT M. RUTHERFORD
CONVERTED 'FOR CDC 64',0 BY JANOS BoKOPLYAY
VERSION OF FEB.22, ;968

HOYT TECHNIQUE UTILIZINn ANALYSIS 1F VARIANCE To DETERMINE TEST RELIABILITY COEFFICIENT

10 MIDTERM EVENING UIVISICN 68 MAR 26 ELIOT

THIS PROBLEM HAS 27 TFST SUBJECTS

30 TERI' ITEMS

2 FOR SUBACT SCORING OPTION

2 FOR ITEM ANALYSIS OPTION

2 FOW MISSING DATA CPT1nm

I FOR SCCRING/ wEIGHTING oPTION

4 POO HIGHEST ITEM SCORE

I FOR LOWEST ITEM SCORE

* 00 FIR AISSING DATA INSERT

FopMAT GIVEN
(II0,30F2.0)

AMSWFR COWWFCTING blV1"1
100000000 4 4 3 1 I 2 1 3 ;.! 3 4 2 3 1 3 4 1 2 4 3 2 4 4 4 3 4 3 2 3 4

FIPS1 DATA CARD(S)
10(103004 4 1 4 1 4 1 2 3 3 3 3 1 3 3 3 4 4 3 3 4 4 1 3 4 3 3 2 3

8 5/69
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TAPLF F Tr

17Fm

kr.S1si-

-0- -1- -1- -4- -5- -6- -7- 9. MEAN SD

7 2 0 21 0 0 0 0 0 3.6296 .8575

'1 7 2 4 14 e 0 0 0 0 2.9259 1.6866

a o a 3 11 In 0 o 0 0 o 3.0370 .9601

4 J II 2 5 7 0 0 0 C./ 0 2.2222 10179

) ?. S 2 0 0 o n 0 o 1.3333 3846

o 1 14 2 10 0 0 0 0 0 2.7778 1.0256

7 / 14 3 1 9 0 0 0 0 0 2.1852 1.9259

a 9 R 2 0 0 0 0 0 2.1481 .9003

7 15 3 7 I) 0 0 0 0 2.0000 .6923

1 r, 1 ri IR 0 0 0 0 0 0 2.6296 .3191

1 1
(I 1 4 9 13 0 0 0 0 0 3.2593 .7379

1 7 r 14 9 4 0 0 0 0 0 2.6296 .5499

1 1 17 5 0 0 0 0 0 2.8148 01259

1 4 3 0 2 0 0 0 0 0 1.3333 .6923

1 o 1 0 21 1 0 0 0 0 0 2.8889 .5641

1 A 0 n 0 4 21 0 0 0 0 0 3.8519 .1311

17 n c, 0 16 6 0 0 0 0 0 2.P319 .9772

1 A 0 1 lb 0 10 o o 0 o 0 2.7037 1.0627

19 J .^ 3 1 23 0 0 0 0 0 3.7407 ,4302

Pel 0 e) o 22 s 0 o 0 o 0 3.1852 .1567

21 o 1 Fr a 1 o o o o 0 2.3333 0846

PP 0 .-1 1 o PA o c o o o 3.9259 .1481

21 j 2 1 6 1R 0 o o o o 3.4815 .7977

7:4 0 II 0 13 3 0 0 0 0 0 2.2963 1.2934

2c il a 0 21 A 0 o o 0 0 3.2222 1795

PA o 0 1 10 Is 0 0 o o 0 3.5556 .3333

27 .1 i 1 25 0 n o o o 0 2.8889 .1795

2 A o 2 11 11 3 0 0 0 0 0 2.5556 .6410

Pc) ,1 ., 11 16 0 0 o o 0 0 2.5926 .2507

30 o 1 0 10 14 (1 0 0 0 0 3.2963 .9088

5/69 9
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000 0004

EDUCOM

TARLE cE 503JECT TKSI

ID NUMBER

5r10ES

5r0RE 7 ScORF T SCCRE

100030204 16.00 -.787675 42.12325

100040106 19.00 098459 50.98459

100050007 20.00 393838 53,93838

1000f0300 18.00 -.1Q6919 48.03081

100060107 ?2.00 ,684594 59,84594

100090009 16.00 -.7R7675 42.12325

101M002 17.00 -.4922R7 45.07703

10101000s 23.00 1,p79973 62.79973

101030102 ?1.00 .689216 56.89216

101040101 1600 -.787675 40.12325

101050108 13,00 .1,A73810 33,26190

101090005 21.00 .AR9216 56.89216

102000100 P0.00 .393838 53,93838

102020208 ;!1.00 .680216 56.89216

10203000i ?0.00 093816 53,93838

1020L,0202 22.00 .984594 59.84594

102050200 24.00 1,575151 65,75351

102070203 16.00 -.78767*, 42.12325

102060104 P4.00 1,575351 65,75351

103000105 16.00 -4787675 42.12325

103010006 24.00 1,575351 65,75351

103020103 15.00 -1,n83054 39.16946

103030201 14.00 098459 50,98459

103040209 16.00 ...787675 42.12325

10300004 18.00 -.196914 48.03081

1030h0e07 15.00 .1083044 39.16946

103040109 12.00 .11Q69188 30.30812

10

continued
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ct TARLF ;IF 1TEm !EST ScoRrs
CD
CD
CD ITFM NOMHER SCORE

2

3

4

7

A

9

10

11

12

13

14

1 C

17

23.00

14,00

11.00

13,00

20.00

14.00

14,0U

R,00

1.00

1A.U0

13,0U

14,00

17.00

22.00

21.00

23,00

16.0u

16.0°

23,00
IQ

20

21

22

23

24

2S

26

PA

2co

30

22.00

17.00

?h.00

1H.00

3.00

21.00

16.00

25.0)

11.00

lh.Ou

14,00

EDUCATIONAL INFORMATION NETWORK

000 0004

44116.41,

continued
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(WO 000-1

FRrouEhcY 1)ISTPIHuT1 "F 1ES1 ScIOFS CD
CD
CD

F:,F;JDF',CY iT/'541L /SC71-/E TSC:1wE CD
CD

I 24 1.h7535 CD
4

1 ?A I?/9-5/ b,?.7997

? ;1? .9H454 5q.PI49

.3 ?I .615422

1 ?0 .3'1384 53.0394

? 19 .09846 50.984A

48.n30R

I 17 -.44230 45.0770

6 16 -.781bm 42.1212

2 1, -1.0430S 39.169%

0 14 .I.3/H43 15.l1R7

1 11 -1.6/381 33.2619

I 1? -1.96919 30.10R1

1Tr1 ANALYSTS T4LE I t PITERNAL TEST ScOpr

STHDFNTts T rEsr, 1/50; 29 OFAPEES OF F9FFn;lm

ITFm v%aIANCK T TEST TN DRRER IN LOWER HISERIAL VANIANCE X50 BETA

551,5E01A1 Fnw DICHOTowe DICHOTOMY ACCOUNTED FOR

146. )214 .r402 N= 23 N= 4 .220R .0488 .4.7304 .2264

flyrki AP .0419 2091.5 P= 8519 0= 141;1 .0602 .0036 .17.3617 .0603

34(411 .1?2? 1.8655 N= 14 m= 13 .4301 .1850 -.10130 .4764

CtIFRLAP 444 1.0778 Pc .5185 0= .4815 .2554 .0652 .61818 2042

.1591 113e 3.370 N= 11 N= 16 .6951 .4834 .3369 .9673

IvrPi.Ap .44/4 .?001 2.5010 P= .40/4 0= 5926 .5511 .3037 ,4250 .6604

4 .m0 r4 .1001 0372 N= 13 m= 14 .0092 .0001 i.0742 .0097.

tivcRLAR .1193 ../00 P= .4815 0: .%1A5 -.1742 .0301 .2,66

.?45. .0605 1.2650 N= 20 m= 7 .3265 .1066 -1.9774 63454

1'11.1F8LA11 .1194 0142 h008 P= ./407 0= .2593 .1550 .0240 -4,1667 .1569

.112h1 7/118 3.1091 N= 14 N= 13 .6497 .4221 .8547

1VFPLAP

7

40,14

,5?hl

16/, 2.2401 .5185

7.1091 Ns 14

0= .4815

m= 13

4985

.6497

.2485 .90931

.4221 .40715

.5751

.8547

.WFRLAP . .16 /e? e.2401 P= .5185 0= .4815 .49$15 .2465 .0931 .5751

.r16.1 .-557 1.2143 N= II ?1= 19 .3059 .0936 1.7493 .3213

;75/rwLAP 103n 0110/ 52n4 P= .2983 0= .7017 .1307 .0171 400949 01318

-.174, -.9122 N= 15 H= 12 -.2215 .0491 ..,6307 .42272

19rRLAP -.5 33/ .0011 w.1663 P= .5556 0 r. .4444 "3921 .1537 .,3864 -.4262

In 30/4 .044S 1.614 N= 18 N= 9 391? .1530 -1,1012 .4250

f1555791,,Ap .1741 .0301 843h P: .6687 0= .3333 ,P178 .0474 .1.9779 .2231

11 .1A5,4 .034A .9462 Ns 13 im: 14 .2288 .0523 p2030 42350

OvrRLAp .r,390 .0015 1c41 Pn. .4H15 On .51135 0444 .0020 1,0449 .0445

12 . hi 1.34A0 N= 14 mx 13 .3203 .1026 .0450 .3381

CVrPLAD .1 1 b') 1134 5A17 P= 518 0= .4815 .1390 .0193 .,3340 .1404

11 .5611 .1I0m 1.9397 N= i / h a 10 .4538 .2059 "7291 .5092

rIvv9LA0 1.1741 Pe .6296 0: .1704 .2831 .0602 .1,1687 .2952

12
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14 4688 2197 26514 NE 22 Nu 5 .6691 4477

000

'1.3390

0004

9003
CD CVFPLAP .3720 .1384 2.0039 P. .8148 On 01852 .5272 .2779 '1.6996 .6203
CD
CD IS 3486 .1215 18.97 No '21 N. 6 .4776 .2281 '1.6013 .5436

OVFPLAP 2342 0544 1.2046 P. .7778 On .2222 .3173 .1007 -2.4103 .3346
CD
CD IA 3034 0920 1.5918 No 23 No 4 .4574 .2092 -2.2837 .5144
CD OVERLAP 2039 .0416 1.0412 P. .8519 Oo .1481 .3041 .0925 -3.4349 .3192

17 0529 .1028 2651 NE 16 No 11 .0658 .0043 -3,5614 .0659
CVFRLAP -.C919 .0085 ...4616 P. .5926 Oo .4074 -.1176 .0138 .9915

IR 3025 0415 1.5870 No 16 No 11 .3758 .1412 -.6233 .4056
CVFRLAP 1629 0265 .8256 P. .5926 On .4074 ,1987 .0395 -1.1790 .2027

19 C523 .1027 .2619 NE 23 NI. 4 .0789 .0062 13.2452 .0791
OVFPLA0 -.052h .0028 -.2615 Pc .8519 On .1481 .0824 .0068 .12,6831

20 3540 1253 1.8923 No 22 N= 5 .5052 .2553 m1.7733 .5855
CVFPLAP .2478 .n614 1.2789 PE .8148 Oa 1852 .3507 .1226 -2.5584 .3739

21 i.'232 0498 1.1447 NE 17 Nu 10 .2800 .0784 -1.1817 .2417
OVFPLAP 0823 .0068 .4110 PE .6246 0= .370 .0997 .0099 -3.3171 .1002

PP

CVFRLAP

-.019/

.C361

.0004

.M13
-.0484
.18 06

Nu
Pr

26
.9630

=N

02
1

.0370
.0020 -39,6439

7...0121g8
-.0451
-.1751 .0306 -10.2209

21 2601 o6/7 1.3471 NE 18 m= 9 3310 .1096 '1.3014 .3508
CVrWLAP .1242 .1)154 .6260 Ps .6667 Os .3333 .1545 .0239 m2.7581 .1564

24 1774 .0315 .9011 NE 3 m= 24 .2888 0834 4.2265 .3017
OVFRIAP .0856 0073 .4295 Pr .1111 0= .8889 .1364 .0186 8.9488 .1377

25 0266 0007 .1341 NE 21 N= 6 .0367 .0013 =20.8163 .0368
OVERLAP -.0956 .0091 -.4801 PE .7778 0= 62222 '01341 .0180 '5.7016 'o1354

PA 1891 0357 .9627 N= 16 N= 11 .2349 .0552 -.9972 .2416
CVFRLAP .0441 .0120 .2217 P= .5926 0= .4074 052n .0027 -4.5033 .0521

27 1845 .0340 4384 No 25 N= 2 .3381 .1144 14,2774 .3595
OVFRLAP .1083 .1117 ..6449 P= .9259 0= .0741 .1959 .0384 m7.3867 .1998

2A 5597 3132 3,3767 N= 11 N= 16 .6953 .4834 .3369 .9673
OVFPLAP .4474 001 2.5010 P= .4074 0= .5926 .5511 .3037 .4250 .6604

29 .0415 1.5870 N= 16 M= 11 3758 .1412 .6233 .4056
OVFPLAp .1629 .0265 .8256 Pm .5926 0= .4074 .1987 .0395 '1.1790 .2027

ln *02074 .0001 .0372 NE 14 NE 13 -.0092 .0001 -5.0742 -.0092
CVFNLAP .1366 ,o193 .7008 P2 .5185 0= .4815 ..1919 .0368 '.2419 -01956

50HHAPY CF IlEm HETRIcS. 01F947ES

0 .e439 0924 1.3342 N= 17 mu 10 .3205 .1562 '3.1993 .3777
OVFPLAP 1446 U452 .7652 Pu 6222 0= .3778 .1551 .0806 -2.3941 .1725

SUMMARY OF ITEM HET1-Ms, STAN0ARO DEVTATTONS

0 .1445 .0956 1.0720 N= 5 mu 5 .2351 .1523 8.3522 .3084
OVFPLAP 0619 .8622 P= .1919 0= .1919 .2420 .0967 4.8284 .2725

TEST p = .62222ee

CD

5/69 13 CD
CD
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000 0004

SUMMARY OF ANALYSIS OF vARIANCE

snuRCE CF DEbHFEs OF SUP CF MEAN
VARIANCE FHEEDom SQUARES SnUAPES F RATIC

RETWEPI
INDIVIDUALS 9.93, .3821 1.'49990

RETwEEN
ITEMS 99 28.844 .9946 4.94621

REsIDUAL 754 151.627 .2011

TOTAL 4nq 190.40n
SPFCIFICITY EAMON= .986698

STANDARD EkROR OF MEAsiluEtANT = 2.414R76

COFFFICIENT OF TEST RELTAHIE1TY = 47165A

SC^RE MEAN = 18.6667

SCoRF VARIANCE = 11.46154

SCr,RF STANDARD DEVIATIc.; = 3.38549

SUm SUHJECTsit TOTAL SCORE5 = 504

SURJECTS ToTAL SCORPS 5rmARE0

ITFMS TOTAL SCORES SwJARI-D = 9246

TOTAL SUM OF SQUARED CELLS = SO4

NINHFR CF MISSING DATA (-ELLS =

9706

0

T= -.0428? SKEW NCT STGNIFICANT AT .05 LFVEL

T= -.86974 Ku0(Tr,SIS NoT SIGNIFICANT AT .^5 LEVEL

THO ..11-11CH wC1_1) K1NGEF THE LI8HTmING

MUST F's.F4 A LONG TIME HE A CLOUD.

is.. NIFTZSCHF

14
/11

5/69
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000 0004

COST ESTIMATE

For the job listed on the Sample Input, the total running time was
1.832 seconds for central-processor time and 20.993 seconds for
peripheral-processor time with a memory useage of 136,200 words.
Chargeable computer time was $1.00 (Northwestern University minimum
job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead...,

CONTENTS--SUZYQ

pages

1,2 Identification & Abstract
3-5 User Instructions

7-14 I/0
15 Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

EDUCATIONAL INFORMATION NETWORK

000 0005

Multivariate Analysis of Variance-Covari-
ates, Hotelling's T

MULCVR NUCC080

Vogelback Computing Center,
Northwestern University

Vogelback Computing Center,
Anonymous; Northwestern Univer,sity

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

MULCVR performs an analysis on a number (three or more) of meas-
urements taken about an arithmetic mean (the "origin"), together
with arithmetic means as specified on the Control Cards or by
Hotelling's T Test.

REFERENCES

Rao, C.R., Advanced Statistical Methods in Biometric Research
(John Wiley & Sons, Inc., New York, 1952), pp.239-248, 258-266.

Cooley, W.W., and Lohnes, P.R., Multivariate Procedures for the
Behavioral Sciences (John Wiley & Sons, Inc., New York, 1963).
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USER INSTRUCTIONS

Description of Input Data

This program can process.more than one problem. Decks for each
problem are placed one after the other. Each problem deck has the
following form.

Card 1: Problem Card

Columns

1 2
3 4
5 6

7_ 8

9-10
11-15

16

17

18

Contents

Problem number (numeric)
Number of groups (N GROUPS) (i 10)
Total number of variables and covariates
[M=NVAR+NCVR(.5. 30)]
Number of variables (NVAR) (< 30)
Number of covariates (NCVR) (1 29)
Total sample size (NTOTAL)--the sum of the
sample sizes for each individual group
1, if Hotelling's test is to be performed =
IFHT
0, if analysis of variance or covariance
is desired = IFHT
1, if sums of squares and crossproducts
matrix is to be printed
0, if not desired
1, if the variancecovariance matrix for
each group is desired
0, if not desired

If there are no covariates, NCVR = 0, making NVAR and M equal.

For Hotelling's T

IFHT = 1. Number of variables is zero (NVAR = 0), all the vari-

ables being specified as covariates. Therefore, total variates

plus covariates is simply equal to the number of variables in the

single group involved: N GROUPS = 1, NVAR = 0, and NCVR = number

of variables. Total sample size and the first entry (the only

one) on the replication card should be equal.

5/69 3 44
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000 0005

Card 2: Replication Card --Group Sizes

Columns Contents

1-- 3 Number in group 1

4 6 Number in group 2

7 9 Number in group 3

28-30 Number in group 10

If there are less than 10 groups, the rest of the card after the
last group may be left blank.

Card 3: Variable-Format Card

Columns Contents

1-72 Data format--FORTRAN format specifications
(enclosed in parentheses) in standard form.
Example: (F4.2, 3F6.1)

Data Cards

These cards contain all the data for this problem.

Description of Output

The program produces different output, depending on whether or not
Hotelling's T test was performed. Following descriptions are pre-
fixed with IFHT = 1 for output from the Hotelling's option and
IFHT = 0 for output from the alternative option. Na prefix indi-
cates that the output is generated regardless of choice of this
option.

For each group, the sample size, a general summary, the crosspro-
duct matrix, and the variancecovariance dispersion matrix are
printed, labeled as such. The general summary includes, for each
variable, the mean, the standard deviation, the standard error of
the mean, the unbiased variance, the sum of the raw data, and the
sum of squares of the raw data.

For each problem, the "within matrix" and the "total matrix" are
printed. The first is the overall, within-groups, variancecovar-
iance matrix. The second is the overall, total, variancecovari-
ince matrix.

4
.tc.#

continued

5/69
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Ln IFHT = 0. For each variable, the F ratios and degrees of freedom
0
0 are reported. Wilk's lambda and its associated chi square with
o degrees of freedom are given,

IFHT = 1. Hotelling's T and the appropriate degrees of freedom for
it are printed.

Limitations

Maximum values of parameters have been indicated above. They are
N GROUPS < 10; NVAR < 30; NCVR 5. 29; NVAR + NCVR < 30. There is
no limit to the number of observations (NTOTAL) other than the
space provided on the problem and replication cards for punching
the sample sizes.

5/69 5
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ul SAMPLE INPUTCD
CD
CD

VLORR,CHINONIMMEMMIPCMS11400. MULCVm

CD LIRRARY(muw/RDE15P1
CD On.
CD 1 3 4 4 0 400011

10/135154
(5x,3F4.25F5.dI
11316 630
11072610

660
700

740
660

2.87
2.37

10415 630 660 540 3.00
10034 660 630 690 3.00
10837 690 790 700 2.52

11134 570 570 580 2.25
10893 760 750 800 3.37
11261 690 680 700 2.71
10046 650 620 630 2.12

11351 490 640 500 2.51
10518 460 560 480 3.37
10436 610 510 720 2.57
10509 630 620 580 2.75
10062 430 650 570 2.62

10119 520 600 540 3.10
11043 580 540 620 2.25
10488 710 580 620 3.37

10731 650 700 650 3.42
111-18 580 650 540 2.28

10119 620 610 570 3.00
11445 600 510 570 3.03

'50978 650 650 700 2.13
50981 650 640 520 2.76
50586 610 650 690 3.13
50982 600 590 660 2.50
182 610 570 610 2.75
J83 500 580 500 2.96
hi. 650 600 540 2.38
TRT 570 480 520 3.50
1811 590 570 550 3.13
,1815 520 600 670 2.63
1819 590 630 650 2.5D
1821 630 450 640 1.97
imAl 550 630 620 2.15
imA5 660 6I0 6,0 1.35
im46 520 700 540 1.38
MAA 550 510 610 2.50
MAA 430 580 490 1.43
MA10 610 650 470 2.50
mAl2 550 650 2.13
8413 540 700 650 2.38
8414 410 600 660 2.25
8423 580 580 640 0.75
8416 700 610 770 2.75
8417 520 540 460 2.63
MA1E1 720 733 730 3.63
8420 520 680 520 1.88
8422 580 690 2.63

5/69 7
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SAMPLE OUTPUT

EDUCOM

GROUP 1SS 107 VARIABLE WEAN

5.4504

STANDARD
DEVIATION

,899A

STANDARO
ERROR OF mFAN

.0570

UNB/ASED
VARIANCE

.5097

SUM OF
RAW DATA

556,400,1

SUm OF SoS
RAW DATA

3299.52

2 5.7935 0709 .0542 .7555 619.900A 3671.71

3 5.7000 1.0456 .1011 1.0912 609.9000 3592.31

4 2.3R16 ,5744 .0555 .3299 254,9300 641.81

RROS7

Rnw 2

ROW 3

ROW 4

PRODUCTS FOR GROUP 1 PROBLEM 1

3299.52

3441.36 3671.77

3414.86 3584.85 3592.31

1426.19 1497.33 1481.75 641.87

YAP/ANCE COVARTANCE DISPERSIOK MATRIX-GROUP 1 PRORLEM 1
ROW 1

ROW 2

ROW 1

ROW 4

31.13

32.47

32.22

13.45

34.64

33.82

14.13

33,89

13,98 6.06

continued

5/69
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V)
VARIARLE FRATIO DE(REES OF FREEDOM

CD 1 22.42R4 ( 21397)
CD 2 15.0420 ( 2,397)
CD 3 7.4628 ( 2,397)

4 5.1614 ( 2.397)

0

EDUCATIONAL INFORMATION NETWORK

WILK5 LAMRDAm .824130 7.679070E.01=CHISGOARE wiTH ROEGRFFS np FREFOnm

WITHIN MATRIX
Rnw 1

216.52 86.56 173.06 71.22
ROW 2

86.56 228.23 95.58 60.45

ROW 1
173.06 95.58 421.12 (15.31

ROW 4
71.22 60.45 85.31 187.43

;KA MATRIX

240.99 106.56 186.45 76.86
ROW 2

106.56 245.53 103.69 63.39
ROW 1

186.45 163.69 436.95 03.40
ROW 4

76.86 63.39 93.40 161.614

HOTELLINGS TA 2.708697E+04 DIS7RIRO7t0 AS F( 1,19c

VALUE OF HOTELLINGS T MAY RE 4CORRECT.
THE PROBLEM IS UNDER INVESTIGATION AS OF MARCH 1968.

000 0005
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COST ESTIMATE

0 For the job listed on the Sample Input, the total running time was
3.383 seconds for central-processor time and 17.992 seconds for
peripheral-processor time with a memory useage of 50,400 words.
Chargeable computer time was $1.00 (Northwestern University mini-
mum job charge).

000 0005

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS --MULCVR

pages

1 Identification & Abstract
3-5 User Instructions
7-9 I/0
11 Cost--Contents

4/70
11
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DESCRIPTIVE TITLE "Book-Type" Indexing Program

CALLING NAME INDEXER NUCC166

INSTALLATION NAME Vogelback Computing Center,
Northwestern University

AUTHOR(S) AND
AFFILIATION(S)

000 0006

James Ibers, Chemistry Department,
Northwestern University (original pro-

gramming design)

Donald Dillaman, Vogelback Computing Cen-

ter, Northwestern University (CDC 6400

conversion)

Lorraine Borman, Vogelback Computing Cen-

ter, Northwestern University (program
writeup)

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

Purpose and General Description. INDEXER is a FORTRAN program

that will produce a "book-type" index, sorting and printing under

a major heading and two subheadings.

Data Input
The program sorts on 136 columns.

Format for data cards is
major heading/first subheading/second subheading/page number

An * in column 80 of the first card of a data item indicates that

information is continued onto a second card.

4/70 1
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USER INSTRUCTIONS

Data FormatThe following input

ABSORPTION/AS A SOURCE OF SYSTEM/U-1C ERROR//68
ABSORPTION/COEFFICIENT/DEFINED//67

would appear as the following output

ABSORPTION
AS A SOURCE OF SYSTEMATIC ERROR 68
COEFFICIENT

DEFINED 67

Program Control Cards

Columns

Card 1: 1-80 Alphanumeric information
(printed as a separate identification page of
output)

Card 2: Control Information:

5 0 Sort desired
I Sorted data are on tape

Request card must then be used, e.g.,
REQUEST (TAPE 1) HANG DATA TAPE

10 0 No punched output
1 Punched output.of sortdd input data

15 0 No printed output
1 Printed output

Description of Output

Output consists of on(:) page of identification, a listing of the
input information, a listing of the sorted (alphabetized) input,
and a final listing by header, subheader, etc. The final listing
is suitable for photo-offset printing.

Job Deck Structure

Job card
LIBRARY (INDEXER)
LGO.
7-8-9

ID Card
Control Card
Data Cards

6-7-8-9

5/69 S''')t
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000 0006

SAMPLE INPUT

cD vincm,cHamm....m.r,113?no. TAI0Fxrk

LTRAAPYIINUFxFPi
Lr,n.

CD THTC IS A TFST Fnn THF 14LFSSFO SYSTEH
CD 4
CD OISTILLATION/TPAP-TC-THAP//t

DISITLLATION/FPACTICAL/VACIMH LINF//51-60
0TSITLLATTOA/r0oTTILLATION//60
0ISTILLATIOh/rRACTTCHAL/INFPI ATMOSPHEHFJ/P
J0INTS/FLANCIF,,In
RmAJC LEAMTH/ocFF ALS() SPECIFTC cOMPOHNU5//
ARgraPTION/oFFTkiFr// 0,7
ArrLQACy/nF Rnmo IEK6THs//61
Arri.oACY/*SFF P0FrISTON//
ACTIVATE° PuncFSS//1:4)
ArTc. SALTS// 10
AiPi-A HELIX //?K4
AmIhn ACT0S/CySTIrF//I66
AmmTNF5/r1el
AmmcNTA//721
RASF PAIRR//171
APcrRPTI0m/CnvFFTrIEhT/OEFINF0// 67
APRCPPT/010/rnrFFIrIENT/RFLATION TO CP055 SECTI0P/WIS
AmmrAITA//76?
AMMCNIUM/ION/nISTnRTInNS oF//2?7
AmmcNIUM/ION/nIsTNITInNs oF//22q
AsPPTAJ, PnTAScTIIH ACIO SALI//IRI
AnsrPPTION/AS A RnOACF OF STsTFMATIC Fl.idni4//
RARF PAIPs/A-11//174
RARF PAIRS/HY0RnriFV onNoIN(i/CONFIGIIPATIoNAL F4PGT//176
RASE PAIPS/HYnR1GFN .4oNOINIVCRICK-wATSON SC4EMF//154
BFN7FAJE-12 COMPIEY// 3

continued

5/69 5 53
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000 0006

SAMPLE OUTPUT

THIS IS A TEST FOR THF ALESSED SYSTEM
4 .0 -0 -0 .0 -0 -0 .n -n -n -n .n -0 _n

TNPuT INFORMATTON

OTSTILLATION/TRAP.TC-TRAA// 7

D1STILLATION/FPACTICNAL/VACUUH LINF//57-60
DISTILLATTON/CnnIsTILLATION// 6n
DIITIUATION/FRACTICKIAL/INERT A1MOSPHFRE// ?

JOINTS/FLANGE// In
BAND LENGTH/oRtE ALS() SPECIFIC romPouNuS//
AASCPPTION/DEFINEn// 67
AM:RACY/OF POND LEKGTHS// 61
ACCLRACY/oSEE PRFrISION//
ACTIVATED PROrFSS//129
Acfc RALTR// 19
AIPHA HELIX //2SA
Wpm ACIDS/CYRTINE//166
AmmTNES//321
AmmCNIA//221
BASE pAIRR//171
AASCRPTION/COFFFIrIFNT/DEFINEO/, 67
AASCRPTION/COFFFIrIENT/PELATION TO cPOSS SECTIom//1,,s
AmmCNIA//762
AHHCNIUm/TON/rIRTmRTioNs OF//227
AmmCNIUM/ION/ntsToRTioNs OF//229
ARppiNt PATASslum ACID SALT//IAI
AASCRPTION/AS A SrUPCE nF SysTEvATTc EHRrp// 6A
BASE PAIRS/A-11//174
BASF RAIRS/HYnRrIGFN PONOIN6/CONFIGUPATIONAL FNFRG1//176
BASE PAIRS/HynRrinFN HONOIN6/CRICK-W4TSUN SC4E'4F//151
BEN7FNEIp COMPLEx// 3

ALPHABETI7ED TNFORMATTON

ABSCRPTION/AS A SnURCE OF SYsTEWATIC EHR0A// 6A
ARscRPTION/CAFFFIcIFNT/OEFINE0/, 67
AAScRPTION/COFFFIrIENT/AFLATTON TO CROSS RECTIONI//l'is
AASCRPTIoN/OFFINEr// 67
ACCURACY/OF BONO IEKGTHS// 61
AccuRACY/oSEE PRErISION//
ArIC SALTS,/ 19
ArTTVATED PROcESS//129
ALPHA HELIX //RSA
AMINO ACIDS/CySTINE//166
AHH/NES//121
AHMCNIA//221
AHMCNIA//262
AHMCNIUM/TON/r/sTmRTIoNS OF//227
AHmeNtUm/70N/oIRTrRTjoNs OF//229
ASPPIN, POTASSIOw ACID SALT//IAI
BASE PAIPS/A-u//174
BAsE PA/Rs/HYoRrGEN MONMN6/CONFISORATIONAL ENFRGY//176
BASE PAIRS/HymPOGFN HoNoING/cAICK-wATSON SCHEME//ISA
BARE PAIR5//171
8FN7ENE-I2 COHPLEx// 3

PONC LENGTH/eSEE ALSO SPECIFIC rOmPouNUS//
DTSTILLATTON/rMOISTILLATION// 60
DISTILLATION/FRACTICyAL/TNERT AIMOspwFRE// 2

DISTILLATION/FRACTICNAL/VACuUm LINE//51-60
DISTILLATION/TRAP.Tn-TRAP// 7

JOINTS/FLANGE// In

0\ S/69 6
54
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ARSCRPTION
CD
CD AS A SOURcE OF SYSTEMATIC ERROR 68

CD
COEFFICIENT

CD
CD nEFINEn 67

CD
RELATION TC CROSS SECTION 155

DEFINED A7

ACCURACY

nF ROND LFNGTHS A3

*SEE PRECTSION

AmmCNIA 221 262

AmmCNTUM

TON

DISTORTIONS OF 227 229

ASPRTN, POTASSTHm ACT() SALT 11

RASE PAIRS

AmU 174

HYDROGEN lankinyNe

CONFTGIIRATIONAL ENERGY 176

CRICK-wA7SCN SCHEME 153

KBASF PATRS 171

REN7ENE-T2 COMPLEX 3

RONr LENGTH

*SEE ALSO SPErIFIC COMPnoNDS
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COST ESTIMATE

For the job listed on the Sample Input, the total running time was
4.921 seconds for central-processor time and 28.337 seconds for
peripheral-processor time with a memory useage of 113,200 words.
Chargeable computer time was $1.67.

Charge to user = computer time + postage and handling + network
overhead

= $1.67 + $15.00 + network overhead

= $16.67 + network overhead

CONTENTS INDEXER

pages

1 Identification Abstract
3 User Instructions

5-7 I/0
9 Cost--Contents
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FORTRAN Program for Evaluating Internal
Consistency and Single-Factoredness in
Sets of Multilevel Attitude Items

CALLING NAME ATTANAL NUCC048

INSTALLATION NAME Vogelback Computing Center,
Northwestern University

AUTHOR(S) AND
AFFILIATION(S) Donald G. Morrison, Council for Inter-

societal Studies, Northwestern University

Donald T. Campbell, Department of Psy-
chology, Northwestern University

Leroy Wolins, Iowa State University

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

ATTANAL is a FORTRAN IV program for evaluating internal consis-
tency and single-factoredness in sets of multilevel attitude
(scale) items. The user may test the assumption that responses
summarized in single scores reliably refer to a common trait,
attitude, or factor being measured.

The analytical method employed avoids the Guttman unidimension-
ality requirement commonly associated with a reproducibility
coefficient. Arbitrary or chance levels of reproducibility as
well as singular tests of significance are replaced by measures
of high internal consistency, reliability, and single-factored-
ness. Dichotomously scored items are replaced by multilevel
responses, thus reducing the occurrence of irrelevant difficulty
factors among the intercorrelation of items.

continued
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The program operates on the data cards containing one-digit scores
for each item; these are Lonverted from response language to a
scoring language to emphasize the significance of large scores.
Separate analysis of pro and con items minimizes the effects of
response-set and direction-of-wording effects. The polar-choice
format of responses eliminates ambiguity of response effects and
allows attitudes to be located on dimensions anchored by positive
statements at either pole.

The program produces (for each item and the total set) the means,
standard deviations, and a table of intercorrelations among items
and sum. Using the SpearmanBrown Corrected Split-Half Method
of Reliability, the program then produces a KuderRichardson co-
efficient of reliability based on item variances proportiunal to
the number of items scored.

A modified factor-analysis procedure is applied to the data to
obtain a test of single-factoredness. Using the intercorrelations
among items, the program approximates optimal factor loadings and
produces a commonality estimate (h2) for each factor. A converg-
ent solution is acceptable only if there are no negative factor
loadings. If no convergent solution is found within 20 itera-
tions, the program halts and prints the last iteration.

The interitem correlation matrix, the residuals matrix, as well
as the mean and sigma for residuals is also reported. A Lawley
chi-square test of significance is then applied to residuals,
and the program produces a listing of factor loadings, the resid-
uals matrix, and the Lawley chi-square with appropriate degrees
of freedom. In addition, the program computes an index that
purports to measure the relative closeness of each measure to
single-factoredness; this index should approach 1.0 in single-
factoredness tests.

REFERENCE

Morrison, D.G., Campbell, D.T., and Wolins, L., "A FORTRAN Program
for Evaluating Consistency and Single-Factoredness in Sets
of Multilevel Attitude Items," Northwestern Univ. Vogelback
Computing Ctr. (1965; revised 1967).
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USER INSTRUCTIONS

Data Format Regulations

A. Several separate sets of data can be run by following one set
of control cards and data with another set for as many sets as
desired. Up to (47) items may be correlated and used in the anal-
ysis. There is no limit to the number of subjects. Each item in
the scale must be classed as either A-positive (Pro-) or B-positive
(Con-) for certain analyses.

B. Control Cards are to be punched as follows.

1. Problem Cards

Columns Name Contents

1- 2 ITEM number of items in scale
3- 5 NOSUBJ number of subjects
6- 7 NOXTR number of extra variables to

enter correlation analysis only
8-12 blank

The following columns contain
1 if item is A positive
0 if item is B positive

13 first item
14 second item
15 third item

59 47th item (if used)

2. Title Card

Columns 1-53, which may contain any alphanumeric informa-
tion.

This is used to title the output.

3. Variable-Format Card

The format card specifies the column locations of the data. It
is best illustrated by example: for a typical 8-item scale (10 X,
8 F 1.0, 2 F 2.0, F 3.0, 5 F 1.0), which means:

a. skip the first 10 columns (10 X)
b. take the 8 items from columns 11-18 (8 F 1.0)
c. A-positive total in columns 19-20i

(2 F 2.0)B-positive total in columns 21-22

6/69 3 59
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d. grand total in columns 23, 24, 25 (F 3.0)
e. five extra items in :oLumns 26-30 (5 F 1.0) to enter

correlation analysis only.

C. Data-Card Preparation

Data cards should be prepared in the following manner.

1. The user should use the first group of columns for ident
ification of the subject and any other information that
would be useful to have with the data cards. This group
of columns may be as large as is needed. The variable-
format card will contain instructions to skip these
columns on reading the data cards, For example, for a
10-column I-D, the variable format will begin (10X . .

This information is not necessary so A may be absent.

2. The items on the scale follow next and take up as many
columns as necessary.

3. The next three items are

a. the sum of the A-positive scores;
b. the sum of the B-positive scores;
c. the sum of all the scores for that subject.

4. Next are any other measurements that may be desired.
These may be entered into the analysis of correlation,
mean, and standard deviation without disturbing the item
analysis of the elements of Part 2.

D. Card Order

1. NUCC system cards

2. Control cards

a. problem card
b. title card
c. format card

3. Data cards

(2 and 3 above may be repeated for other sets of data as required.)

4 6/69
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SAMPLE INPUT
VLIPP. tCm4R7w. AllANAL
tIRRAPY(AlTANAL)
L6^,.

CD 01072 100P.m1)
.io! !IANA(A.4FNT J. UT1F9RACK

CD ro( Rf I .01 (f- C 'II- 1.1)

02? 41;444"J 41A 3/4

027 444341441ilc,JJ1
072 444341441.11c,

077 431443241114?/?
077 0443440.41P111?/4

022 434443t41413'e/2
022 134341$31113?41
077 411344141412207
02? "411344441214&)?
027 143344131411?bo
07? 134334?415112h2
022 114314e'4I1112t.?
0?7 123334e3121121e
02? 4114'ili.4041c,,47
072 47%1334131711?4?
072 144441i413122?
OP? 11(03014071?19z
027 344341c,31?1?,-,4e

022 1.34 I 41.1415o9ii.41

072 113441,'L10i3P34
027 4143(1e41211234

022 1324t1110,007!,,
027 ;,131171210071fl
022 )123273161)%41,e
072 12142)1304y11/4
022 lo3330P0o1(191e3
072 141214,'A1?o61Ho
022 122233e2091Aii?
022 1213142107;)714(
072 02411?Ii1103144
022 701211130/N113.
022 131401uNh35114
02? 0J1400010,04Vq:,
027 11132(1720t0P144
027 03010030030400
02? 1741141111041"?.
027 n3320ne'00614104'-
0p2 1?03J032040711..

022 1113211003171,
027 1202121105371i!?
022 1iO4Un1006010/?
027 110112100304C(e
02;:: n1021120020b:7
022 44.30)3001oo414i
022 00010000000101..
02? 000000110101t.e4
022 110000U102;'iUst.

6/69 5 61
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SAMPLE OUTPUT

OR07201 22 ENG/NEERING MANAGEMENT

NOMPER OF VARIARLFS 11

J. uTTEPPACK' n1100101

NOMRER OF SURjECTS IN TH/S OROUP re

VARIABLE MEAN STD, DEV. VARIANCE SUM sum nF SOS.
ITEMOI 1.903 1.416 2.004 137.00 603.on
TTEM02 2.556 1.255 1.574 184.00 5R2.00
TTFM03 R.333 1.538 2.366 168.00 560.00
ITFM04 2.569 1.161 1.347 185.00 571.0n
TTEM05 2.278 1.567 2.457 164.00 5411.00
TTEM06 2.153 1.526 26328 155.00 49900
7'7E807 10175 1.186 1.407 135.00 353.0n
ITEM08 7.333 1.404 1.972 168.00 532.00
A POS. 9.444 3.845 14.786 680.00 7672.00
P POS. 8.556 3.623 13.124 616.00 6202.00
GRAND 18.742 6.685 44.689 1313.40 27131.56
CORRELATION MATRIX.

R mAT SECTIAN 1

VAR ITEm01 TTEm02 ITEN03 77P106 17Fmn5 ITtM06 ITFm0/ ITFMAR A P05. q pnS. GRANO
ITER01 1.000 174 .474 .197 ',SPA .183 .118 .54R .507 .733 .A92
ITFM02 .174 1.000 .746 .089 .264 .190 .774 .745 567 .325 5n0
ITEPO3 .474 .246 1.000 .105 .514 .724 042 411 765 .4Y? .710
ITFM04 .197 .089 .105 1.000 .02n .n69 .716. .207.. 195 .453 .160
ITENn5 .526 .264 .516 ouo 1.00n 12 .3n7 .404 57n .774 .747
!Mine. .183 190 .224 .069 217 1,000 .143 .765 .67n .26n .496
ITEM07 .118 .274 162 d16 .307 .143 1.n00 19S .229 5911 .447
!MOS .548 .245 .613 ..eo2 .604 .765 .195 1.00n 765 634 7R4
A PCS,

PCR.
.507
.733

.567 .765

.325 .492
.195
.453

.57n

.774
.620
.760

.779 .765

.5c0 .636
1.00n
6nn

.6nn .900
lonn 087

GPA60 .692 .500 .710 .360 .747 .496 .44I 754 .900 887 1.000

6 62

continued
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0R07201 22 ENGINEERING MANAGEMENT ni10n10)
1- j4FLTITiq STUDY
CD
CD
CD

CD SpLIT-mALF RELIARILITY= .7cn

CD
CD KUDER-RICMAROSON FUR TOTAL 74R

KUPER-RICHARDSON FUR A POS. ToT=I= 726

KUPER-RICHARDSON FOR H POS. ToTAI= .447

INFEREO AVERAnE INTER-ITEM CORRELATION

FRO SpLIT-I-ALF .273

FROM KUOFR-RICHARDSONCTOTAL1 .270

FROM KUDER-RICHAPOSONCA posl 3449

FROM KUPER-RICHARDSONCR P05) .168

A.A. AVE.' 246
S.R. AVE.= .275
A.R. AVE.= OnT
TOTAL AVF.= 0147

CORRECTED ITEM

ITEM R(IT,COR

OTAL CORRELATIOKS

1 .554 A POS.
.34n 8 POS.

1 .S61 8 POS.
4 .19A A POS.

0610 R POS.
6 .29K R POS.
7 .280 A POS.
A .47a A POS.

6/69 7
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PA072P1 2? ENGINEERING MANAGEMENT J. NTTEPnA(:K
ITERATION Tr FIRST FACTOR LnANI-1(;,,

o1100101

SNM 2.221 1,4A1 2.240 0199 2,449 1.25/ 1.31'1 20,7)

H SC 307 .115 .317 .03P .174 .05/ .0113 .4t)?

2.527 1.59P 2.557 .937 P.P21 1.374 1.1-im 3.137

All) .675 .395 .632 .232 .596 .340 .346 77s

H SC .391 .155 .400 .054 .4P1 .11S .1>r 6((
2.611 1.619 2.640 953 2034 1.402 1.445 1.271

AU) 615 199 642 ,232 .714 .341 .3" .7"

H SO .404 .154 .413 .054 .S10 .116 .1iP .614

2.624 1.642 2.652 .953 2059 1.401 1.417 3.104
Aty) .637 .19n .644 .231 .71d .341 .34g .40?

H SC .406 .159 .414 053 .616 .116 .122 .641

8 64

continued
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0A07201 22 ENGINEERING MANAGEMENT J. UTTERAACK

PREOICTE0 CORRELATICN MATRIX

FIRED R SFCTIMN 1

VAR ITEM()) ITEM02 ITEN03 ITEM04 ITEMOg ITEM06

01100101

ITEm07 TTFM0A
ITE0n1 0.000 0254 .410 .147 4C11 .717 .272 .511
ITEmn2 0254 0.000 .257 .092 .286 .136 .114 32n
ITFm03 .410 .257 0.000 ,144 .462 .219 .275 .516

ITFP04 .147 .092 149 0.000 .166 .079 00R1 sIRS
ITFPOG .458 .286 0462 .166 0.non .24S .2c1 .576

ITFPn6 .217 .136 .219 .079 .24S 0.000 .119 271
ITE007 .222 .139 .225 .081 .251 119 0.000 2AD
ITEPOA .511 .320 .516 ,185 .576 273 .2A0 n.00n

PFSTOUAL MATRYX

RFS/0 SECTInN

VAR TTEMOI ITEm02 ITEN03 ITEM04 ITEMOR ITEM06 ITE407 ITEMOR
ITENn1 00000 ''.080 .064 1050 .060 .034 -.In4 .037

ITFN02 -.nA0 0.000 -.011 m.003 ...02? .055 .115 ..074

17E003 .D64 -.011 0.000 -.044 .054 .no5 -.163 .097
ITENnA .050 .003 -.n44 1.000 ...146 009 .135 .01A
ITFPOS .069 1022 .1154 -.146 0.000 -.n33 .056 012,4

ITFon6 -.n34 .055 .005 -.009 -.n33 o.nno .n74 ..00A

ITFmn7 ..104 .135 -.163 .135 .056 .n24 0.D00 -.0A
17E008 .n37 .074 .A97 .016 .02R -.nnA t.non

MFAN RESTOUAL FINIALS .00031
STOmA OF RESInUALS IS 07370

6/69 9 65
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COST ESTIMATE

The job listed on the Sample Input consisted of 72 cases and 8

items. Total running time was 2.417 seconds for central-processol
0 time and 24.159 seconds for peripheral-processor time with a memol

useage of 45,700 words. Chargeable computer time was $1.03.

Charge to user = computer time + postage and handling + network
overhead

= $1.03 + $15.00 + network overhead

= $16.03 + network overhead

CONTENTS ATTANAL

pages

1,2 Identification Abstract
3,4 User Instructions

5-10 I/0
11 CostContents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

000 0008

Generalized Analysis of Transaction Flows

INDIFF NUCC047

Vogelback Computing Center,
Northwestern University

Steven J. Brams,
Syracuse University

Converted for the CDC 6400 by John E.
Michelsen, Northwestern University

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Deck and listing presently available

'CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201.
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

The model programmed is the Goodman"2 generalization of the Sav-
age-Deutsch3 transaction-flow model, which is applicable to any
kind of quantifiable transactions. The Savage-Deutsch model, pro-
grammed by Alker4 was simplified and extended by Goodman to allow
for the analysis of matrices in which some diagonal and/or non-
diagonal cells contain blank entries. Such entries, which may
either be unknown because data are unavailable or unreliable or be
known a priori to be equal to zero, can be read in with the non-
blank entries. The blank entries are excluded, however, from
calculations made by the program for the cells with nonblank en-
tries in the data matrix.

The program calculates three sets of indices for all cells that
correspond to those having nonblank entries: (1) the deviation

8/69

D.. = A..-E..
13 13 13
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c)lietween the actual volume of transactions from actor i to actor j, c)

A1.. and that predicted or "expected:' E.. by the model; (2) the c)
3 13

c)
relative deviation, or acceptance, of actor i for actor j's trans- c)

c)actions, defined as
co

RA1.. = D../E..,
3 13 13

and (3) the difference between the relative acceptance of actor i
for actor j's transactions and the relative acceptance of actor j
for actor i's transactions, or

RADF1. = RA.. RA.1. = (A..E..-A..E..)/E..E..,
3 13 3 13 31 31 13 13 31

which for all i and j for a symmetrical matrix about the main
diagonal, except for sign. This last index provides a measure of
the imbalance of transaction flows between two actors, after the
effects of size have been removed.

To test the hypothesis that the transaction flows are indifferent
to all parameters but the total volume of transactions that each
actor sends to and receives from all other actors associated with
his nonblank entries, the program calculates the goodness-of-fit
statistic

N N N N
X2 = E E D..RA.. =

13 /3 13 13i=1 j=1 i=1 j=1

where N is the order of the matrix. The large-sample distribution
of this statistic is the X2 distribution with L-2N+1 degrees of
freedom, where L is the number of cells with nonblank entries.s
If X2 iS sufficiently small that the deviations of the observed
values from the predicted values could have occurred by chance,
then we would accept the hypothesis that the transaction-flow mod-
el "explains" the data. When the X2 statistic has more than 30
degrees of freedom,

1 1

ND = (2x2)2 (2L-4N+1)2

may be used as a normal deviate with unit variance to test the fit
of the model to the data.

The percentage of transactions that would have to be moved from
one cell into another to make the model fit the data perfectly is
also calculated by the prog/am. If

N N N N
T = A44 = E E..

1=1 j=1') 1=1 j=1131

2

continued
(
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the percentage0
0
0 N N 5(0_1
0 P =

1)

0
0 i=1 j=1 T

is,in effect, a measure of the overall magnitude of the discrepan-
cies between the observed and predicted proportions for all cells
with nonblank entries.5

Finally, several statistics summarizing the distribution of the RA
and RADF indices for the cells with nonblank entries are incorpo-
rated in the program. Adjunct subroutines to the main program
calculate the mean, median, standard deviation, and Pearsonian
coefficient of skewness of the RA and RADF indices. In addition,
those pairs of actors whose D, RA, or RADF indices are greater
than a predetermined amount can be specified in the output.
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00 USER INSTRUCTIONS

Description of Input Data

Three control cards follow the system cards and precede the data
deck. The first two cards define the input variables and the
third defines the format of the data matrix.

1. N = the order of the matrix, up to 120
NTYPE = 1 will give printed output for the D, RA, and RADF

indices
= 2 will give printed and punched output for these

indices
NHIDEC = 1 will give printed output for the pairs of actors

whose RA and RADF indices are "significant" (see
below)

= 2 will give both printed and punched output for
these pairs

INTERVLS = the number of intervals, up to 50, into which the
histograms for the RA and RADF indices will be di-
vided

The format for the above variables is 413, beginning in card col-
umn 1; e.g., 100001002025.

2. RACUT = the level which the RA indices must be equal to or
greater than in order that the pairs of actors to
which these "significant" indices refer be specified
in the output

DCUT = the "significance" level for the RAD indices
RADFCUT = the "significance" level for the RADF indices

Note that the RACUT and IDCUT levels are used as simultaneous cri-
teria to produce one set of "significant" pairs. The RADF level
is used as an independent criterion to produce another set of
"significant" pairs, and it is compared only with the absolute
values of the RADF indices.

The format for the above variables is F5.3, F5.1, F5.3, beginning
in card column 1; e.g., 0.500100.01.000.

3. The format (enclosed within paAentheses) of the data matrix
for each row card, of which there may be one or more for each
row; e.g., (10F7.2,10X). Note that the terminating card for
each row in the data matrix does not have to contain the full
complement of entries provided for in the row card format; it
simply has to exhaust the row entries.

continued

5/69 5
71

0
0



p.

EDUCATIONAL INFORMATION NETWORK EDUCOM

000 0008

Job Deck Structure

Job card: use CM7400
LIBRARY(INDIFF)
LGO.
7
8
9

EOR

Program control cards and eata deck.

6
78

9 EOI

Description of Output

The program demands that the E's be unchanging in the third deci-
mal place in successive interactions before computing and print-
ing/punching the D and RA indices. The minimum number of itera-
tions necessary to achieve this level of accuracy for all the
nonblank cells, (M+1)/2, is indicated by the value of M, always
an odd number, given in the printed output. This level of ac-
curacy can easily be changed to fit the precision of the data
being analyzed. If M, however, turns out to be greater than 20
(i.e., if the number of iterations necessary to achieve a given
level of accuracy exceed 10), the program will have to be modified.

For all cells with nonblank entries in the data matrix, the pro-
gram computes and prints/punches the D and RA indices one row at
a time. In addition, those pairs of actors with nonblank entries
whose indices are equal to or greater than predetermined amounts
(if the number of such paiYs for each actor is not greater than
60) are indicated in the output. More specifically, the numbers
following "W" in the output for each row indicate the columnn
entries that are equal to or greater than the predetermined levels
of significance for the D and RA indices of that row.

The D indices are enclosed within parentheses to distinguish them
from the RA indices. For the cells with blank entires, the D and
RA indices are set equal to the arbitrary values of 999.0 and
999.0,respectively.

After computing the D and RA indices, the program computes and
writes the RADF indices on a binary tape, to which it refers later.
It then proceeds to calculate and print for the RA indices with
nonarbitrary values (i.e., not equal to 999.0) all the statistics
described earlier, as well as producing a histogram of the dis-
tribution of the RA indices.

6

72

continued
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The program then reads back the binary tape and prints/punches the
RADF indices, specifying those whose absolute values are equal to
or greater than the predetermined amount. It then calculates and
prints the mean, median, standard deviation, Pearsonian coefficient
of skewness, and a histogram of the nonblank RADF indices in a sym-
metric half of the matrix. In the calculation of the RADF indices
where one or both of the RA indices is equal to 999.0, the follow-
ing conventions apply.

(1) If RAij = 999.0 and RAji = 999.0, RADFij = 0.

(2) If only RAij = 999.0, RADFij = -RAji.

(3) If only RAji = 999.0, RADFij RAij.

Only in case (1) are the RADF indices considered blank and excluded
from the calculation of the above statistics.

To compute the median for the RA and RADF indices, the program
first ranks all values of each set of indices and then selects
the index of middle rank if the number of nonblank indices is odd.
If the number is even, it computes the mean of the two middle-rank
indices. Because of ties in ranks, the program occasionally may
not find middle-rank indices in either the odd or even cases. If
this happens, the median will be set equal to the arbitrary value
of 999.0. Since the Pearsonian coefficient of skewness is a func-
tion of the median, its value in this case will also be set equal
to the arbitrary value of 999.0. Inspection of the histogram,
however, will reveal the general nature of the distribution of the
indices, even if exact values of the above statistics are lacking.

The user can specify in the input the number of intervals, up to
50, into which he would like the histogram for the RA and RADF
indices to be divided. The program calculates and prints the
frequency and relative frequency of cases falling in each inter-
val, along with a graph depicting the number of cases, up to 500,
in each interval.

Error Indications

This program detects no errors.

Limitations

The transaction matrix may be of order up to and including 120.
The RA/RADF index histograms may be divided into one to 50 inter-
vals.
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NUMBER OF NON-BLANK ENTRIES IN HA MATRIX m 259

CHI SQUARE s 14342. I22 WITH 212 DEOPEEc OF FREEDOM

FOP nEnREES OF FHEEUOM nPEATER THAN 30 NORMAL DEVIATE WITH UNIT VARIANCE 148.197

OVER-ALL FERCENTAU OF DISCREPANCIES 43.A

MEAN OF RA INDICES FOR NON-BLANK ENTRIES IN MATRIX ,1244

MEDIAN oE RA INDICLS FOR NJN-HLANK ENTRIES IN MATRIX -.6134

STANDARD DEVIATION OF PA INDICES FOR NON-BLANK ENTRIES IN MATRIX 1.12511

PEARSONIAN COEFFICIENT nE SKEwNE5S OF RA INDICES FOR NON-BLANK ENTRIES IN MATRIX 1.2825
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NUMBER OF NON,-HLANK ENTRIES IN SYMMETRICAL HALE OF RA DIFFERENCE MATRIX 152 CD
CD
CD

MEAN OF RA DIFFERENCES FOR NON-BLANK ENTRIES IN MATRIX .0578 CD
CD
CD
00

MEDIAN OF RA DIFFERENCES FOR NON-BLANK ENTR/ES IN MATRIX $ .0169

STANDARD DEVIATION OF RA DIFFERENCES FOR NOW.BLANK ENTPIES IN MATRIX .9034

PEARSONIAN COEFFICIENT OF SKEWNESS OF RA D/FFERENCES FOR NONBLANK ENTRIES IN MATRIX $

HISTOGRAM OF RA DIFFERENCES FOR NON-BLANK ENTRIES IN MATRIX

.1360

INTERVALS FREO RERE0 GRAPH
2.4471 TO 4'2.1653 1.0 .007 1

2.1653 To -,I.8H35 1.0 .007 1

'10835 TO 4'1.6017 1.0 .007 1

1.6017 TO 1.3198 0.0 0 000 0
.103198 TO 1.0380 2.0 .013 11
1.0140 To -0562 19.0 .125 1111111111111111111
-67562 TO -.4744 6.0 .039 111111
.,4744 To -.1926 13.0 .086 1111111111111
4..1926 TO .0892 49.0 .322 1111111111111111111111111111111111111111111111111
.0892 TO .3710 22.0 .145 1111111111111111111111
.3710 TO 65e94 12.0 .079 111111111111
.6528 TO 9346 16.0 .105 1111111111111111
.9346 To 1.2164 7.0 .046 1111111

1.2164 To 1.49132 0.0 0 000 0
1.49R2 TO 1.7000 0.0 0 000 0
1.7800 TO 2.0618 0.0 0 000 0
2.0618 To 2.3437 0.0 0 000 0
P.3437 TO 2.6255 2.0 .013 11

2.6255 TO 2.9073 0.0 0 000 0
2.9073o To 3.1891 0.0 0 000 0
3.1891 TO 3.4709 0.0 0 000 0
1.4709 To 3.7527 0.0 0 000 0
3.7527 TO 4.0345 0.0 0 000 0
4.0345 TO 4.3163 0.0 0 000 0
4.3163 TO 4.5981 0.0 0 000 0
4.5981 TO 404799 0.0 0 000 0
4.8799 TO 5.1617 0.0 0 000 0
5.1617 To 5.4435 0.0 0 000 0
84435 To 6.7253 0.0 0 000 0
5.7253 TO 6.0071 0.0 0 000 0
6.0071 TO 6.2890 0.0 0 000 0
4.2890 TO 6.5708 0.0 0 000 0
6.5708 To 6.8526 0.0 0 000 0
80528 70 7.1344 0.0 0 000 0
7.1344 To 7.4162 1.0 .007 1
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COST ESTIMATE

For the job listed on the Sample Input, the total running time was
6.360 seconds for central-processor time and 22.054 seconds for

0 peripheral-processor time with a memory useage of 72,300 words.
Chargeable computer time was $1.53.

Charge to user = computer time + postage and handling + network
overhead

= $1.53 + $15.00 + network overhead

= $16.53 + network overhead

CONTENTS INDIFF

pages

1-3 Identification & Abstract
5-7 User Instructions
9-14 I/0

15 CostContents
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FORTRAN Program for Guttman and Other
Scalogram Analyses

GUTTSCL NUCC115

Vogelback Computing Center,
Northwestern University

Roland Werner, Department of Sociology,
Syracuse University

Donald G. Morrison, Northwestern
University

CDC FORTRAN IV

CDC 6400

Deck and listing presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

GUTTSCL is designed to perform Guttman and other useful analyses
on data supplied in scalogram form. Originally limited to 10 items
with up to 7 response categories per item and 200 respondents, the
capacity has recently been expanded to 30 items and 350 persons,
the Chilton and Raju indices have been added, and other minor modi-
fications have been made. Each data set constitutes an analysis.
An unlimited number of such analyses can be treated serially.

Using the Cornell technique for scaiogram analysis,1 a scalogram
is displayed in the output withithe frequency of the response type,
the Guttman and psychometric scores of the response type, and the
number of errors in the response type. The item marginal frequen-
cies and the item marginal probabilities are also provided. This
information is utilized to calculate the Guttman coefficient of
reproducibility. Other coefficients of reproducibility are based
upon Loevinger's,2 Sagi's,3 and Green's4 methods of counting errors
in a response pattern. The expected coefficients of reproducibility

9/69 1
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for each of the error-counting methods are also calculated and are
based on Goodman's5 statistical techniques.

Since a wide range of flexibility in analyzing attitude data is
desirable, additional indexes are calculated. These indexes are
the Loevinger homogeneity index,2 the KuderRichardson formula,
the corrected KuderRichardson formula for test reliability,6 the
Green index of consistency,4 the Borgatta error ratio,7 the Menzel
coefficient of scalability,8 and the Schuessler e tests9 for the
frequency distribution of response types. The source of these
indexes and their method of calculation is fully described in the
references cited below.

REFERENCES

1. Guttman, L., "The Cornell Technique for Scale and Intensity
Analysis," Educ. Psychol. Meas. 7, 247.280 (1947).

2. Loevinger, J., "The Technique of Homogeneous Test Compared
with Some Aspects of 'Scalogram Analysis' and Factor Analysis,"
Psychol. Bull. 451 507-529 (1948).

3. Sagi, P.C., "A Statistical Test for the Significance of a
Coefficient of Reproducibility," Psychometrika 241 19-27
(1959).

4. Green, B.F., "A Method of Scalogram Analysis Using Summary
Statistics," Psychometrika 211 79-88 (1956).

5. Goodman, L.A., "Simple Statistical Methods for Scalogram
Analysis," Psychometrika 241 29-43 (1959).

6. Horst, P., "Correcting the Kuder Richardson Reliability for
Dispersion of Item Difficulty," Psychol. Bull. 501 371-374
(1953).

7. Borgatta, E.F., "An Error Ratio for Scalogram Analysis,"
Public Opinion Quart. 71 96-100 (1955).

8. Menzel, H., "A New Coefficient for Scalogram Analysis," Public
Opinion Quart. 171 269-280 (1953).

9. Schuessler, K.F., "A Note on Statistical Significance of
Scalograms," Sociometry 24, 312-318 (1961).
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0 Guttman, L., "The Basis for Scalogram Analysis," in Measurement0
and Prediction, S.A. Stauffer, L. Guttman, and E.A. Suchman, etal.
Eds. (Princeton University Press, Princeton, N.J., 1950),0

0 pp. 60-90.0

Werner, R., "A FORTRAN Program for Guttman and Other Scalogram
Analyses," Syracuse Univ. (CPA 257). This manual provides the
program listing and the instructions for the program's use.
The control of the program is achieved with control cards that
allow two modes of operation: one mode provides the user with
summary frequencies of the attitude data; the other, in addi-
tion, calculates various indexes appropriate to attitude data.

7/69 3
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0 USER INSTRUCTIONS

0
0
0 Two modes of operation are available to the user of this program.

The first mode tabulates the item-category marginals only and is
identified as 2MARG. This is useful for the initial run, since
on the basis of these marginals the cutoff point (for dichotomi-
zing items) can be determined so as to obtain an equitable distrib-
ution of marginal frequencies in the final Guttman scale (Ref. 1,
p. 258; Ref. 2, p. 119). The second mode of operation includes
the first as a convenience and then proceeds in scaling the items.
The procedure is most closely approximated by Guttman's Cornell
Technique as it applies to dichotomous items.' In the program,
this mode is identified as 1GUTM.

Organization of Input

000 0009

Figure I may aid the user in understanding the instructions that
follow. Each set of data is headed by one or the other of these
mode-identification cards. The format specifies that 1GUTM or
2MARG be placed in Cols. 1-5 inclusive. Any other information in
Cols. 6-70 inclusive will be typed out at the top of the output
page and may be used to identify a user's name, project, and the
date. Columns 71-75 and 76-80 inclusive must specify the maximum
number of respondents and the maximum number of items that the
program can handle, respectively. This information must appear
right-justified in each field and for this program is always 350
and 30, respectively.

A card indicating the mode of operation must next be followed by
a 3MISP card, which serves two functions. It serves to indicate
the items that the user wishes in a scalogram and the maximum
allowable value that this item may attain. The former is achieved
by locating a punch in the desired column, the latter by the value
of that punch in the selected column. Columns 1-5 inclusive contain
the identification 3MISP.

Another feature of the program that the user may find useful is
that items may be reversed at object time. That is, if items from
a questionnaire were coded as they appear, it may be the case that
the direction of the response of some items is inverted. The
4ITDI card allows the user to invert these :items to be consistent
with the fact that 1 is always interpreted as an extremely nega-
tive response and 7 as an extremely positive response. In other
words, the intensity of a response always increases with an in-
creased value of an item. For this operation to take place (when
one wishes to invert an item), the number 2 must be placed in the

continued
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rIGUTM NAME 200 1

4______

riD DATA

14ITDI

3MISP

2MARG NAME 350 30

FORTRAN PROGRAM
,

ITEM-CATEGORY
MARGINALS ONLY

Figure 1

COMPLETE
SCALOGRAM
ANALYSIS

column on the 4ITDI card matching the item to be inverted. Other-
wise, the number I must be placed in all columns that the scalo-
gram analysis is to consider.

If the 2MARG card has been used (only a marginal run is requested),
then the data follow next. On the other hand, if the 1GUTM card
has been used (the whole Guttman scalogram analysis is requested),
then another control card, the 5GUTF card, must specify how to
dichotomize each item for this study.

The convention shown in Fig. 2 is followed to specify the cutting
point for dichotomizing items.

INTENSITY

LOW HIGH

ITEM 1 . 2 . 3 . 4 5 6 . 7

CODES . . .

. . . .
CUTTING-POINT 1 2 3 4 5 6

CODES

Figure 2

continued
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The cutting-point code selected for a column on the 5GUTF card will
treat the corresponding item on the data cards by dichotomizing the
item in such a way that item codes less than or equal to that code
are pooled as negative responses to the item and represented by the
digit 0 in the scalogram. Item codes greater than the cutting-
point code are pooled as positive responses to the item and are
represented by the digit 1. Items that are coded in reversed direc-
tions are first transformed and then dichotomized. Therefore, the
user must specify the cutting point for these items as it would
appear to the transformed values of an item. See Fig. 2. The data
now follow this card and processing continues to the next study.

A data card consists of two fields, as indicated above. Columns 1-5
inclusive are used only for control purposes and so may be utilized
to contain the identification number of the data card. The user
may find this convenient. The program ignores this field. The
larger field, Cols. 6-80, is treated as 75 single-column items by
the program. A maximum of any combination of 30 items may be se-
lected for analysis, using the 3MISP control card. Each item may
have a maximum of seven categories, coded 1 through 7. Either of
these extremes may represent an extremely positive or an extremely
negative response. The eventual order for the scalogram is deter-
mined by the 4ITDI control card.

In a batch operatione.g., in classroom instruction of attitude
scalingeach data set is followed by an 88888 card, coded in
Cols. 1-5 inclusive. This card controls processing so that the
program continues analysis on the next set of data. The last set
of data is followed by a 99999 card, coded in Cols. 1-5 inclusive.
This will terminate operation of the program.

Summary of Input

Title Card

Identifies the data and specifies mode of operation.

Columns

1 5

6-70

71-75

76-80

7/69

1GUTM identifies a complete Guttman scalogram analysis
with other associated indexes or,
2M1aLldentifies item-category marginals-only mode

Any information that the user wishes printed at the
top of the output page

Maximum number of respondents, right-justified (350)

Maximum number of items, right-justified (30)

7 f_

continued
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Mispunch Card

Designates columns that will carry data and indiCates the maximum
allowable punch in any item used in the analysis. Follows either

the 1GUTM or 2MARG card.

Columns

1 5 3MISP identifies the card

6-80 Maximum allowable punch is entered in all columns
corresponding to items that are included in the anal-

ysis. Program checks range 1 through the maximum as

indicated. Data with a zero punch in any column
specified is not included in the scalogram. Maximum
allowable punch is a 7 punch in any column

Item-Direction Order Card

Recognizes the items that need to be reversed in order that they

are consistent with the scalogram.

Columns

1 5 4ITDI identifies the card

6-80 Format in these columns corresponds to format of 3MISP

card. Code 1 to leave the item as it is; Code 2 to

reverse the item

Dichotomization Card

Indicates, by specifying the cutoff point of an item, which re-
sponses in the item are to be considered negative responses and

which positive.

Columns

1 5 5GUTF identifies the card

6-80 The highest punch of an item indicates the most favor-
able response toward that item. A cutoff point from
1-6 may be chosen. The cutoff places all responses
less than and including it in the negative category
and all remaining responses in the positive category
of the dichotomy. The categories are coded 0 and 1,
respectively, in the scalogram

Data Card

Columns

1 5 Identifying number. May not be a number greater than
88887

8

continued
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m
o 6-80 The data with maximum allowable punch of 7 in any
o column of this field. The columns are treated aso

75 single-column items, of which a maximum of 30 may
be included in the analysis. 350 is the maximum
number of respondents (cards) allowed

End Cards

One or the other must follow the data.

Columns

1 5 88888 indicates to the program that additional studies
follow. Analysis continues to the next study

99999 indicates to the program that the last study
has been reached, after which the program stops

Organization of Output

Marginals

The selection of one of the two modes of analysis i.e., the marg-
inal run or the full Guttman scalogram analysis--will give rise to
two different types of output. The marginal run tabulates the
frequency of responses 1 through 7 for each item selected for anal-
ysis as indicated on the 3MISP card.

The first line of output is the content of the 2MARG card, where
any message may appear. The tabulation of information is confined
to a fixed five-item format. That is, any multiple of five items,
or any number of items less than this multiple but greater than
the previous multiple of five items, will generate a new line of
tabulations. These lines include the tabulation for each item by
response category. From this information, the user can determine
the cutting point of an item for further analysis.

Scalogram

By selecting the second mode of analysis, using a 1GUTM card, a
tabulation similar to the marginal run results. In addition,
there results a Guttman scalogram, a matrix of indices using vari-
ous error-counting techniques, a table of various other indices,
and computational fragments.

The Guttman scalogram is displayed in a somewhat different manner
than suggested by Guttman and Stauffer. In this disply of the
scalogram, every response occurring in the data is displayed; but,
instead of repeating the response pattern as many times as it occurs,
it is presented once and is followed by its frequency of occurrence.
One loses specificity in identifying each respondent by using this

7/69 9
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technique, but the rank ordering of respondents, the essential
information, is not only preserved but also condensed.

For each item in the scalogram, the marginal frequency of the pos-
itive responses and the marginal probabilities for that item are
tabulated. Each marginal frequency is divided by the total number
of respondents to generate these probabilities.

Parallel to the scalogram, four vectors appear,representing the
frequency of occurrence in the data of each response pattern, the
ideal response pattern that any particular pattern most closely
approximates (the Guttman score), the number of positive responses
in a particular response pattern (the psychometric scorenot nec-
essarily equal to the Guttman score, except in the case of the
ideal response pattern), and the product of the number of errors
of a response pattern and the frequency of occurrence of this
pattern.

Finally, associated with the scalogram, is a matrix tabulating
various response-pattern probabilities. Beside each number of
the ideal response pattern are three probabilities: the ideal
expectation (the probability that all responses followed the ideal
pattern), the obtained expectation (the empirical probability of
each response typecalculated on the basis of the frequencies of
the occurrence of ideal types in the scalogram), and the chance
expectation (the chance-expected probability of an ideal response
type, based upon the product of the positive- and negative-response
marginal probabilities for each ideal response type).

Other Error-Counting Methods

Various error-counting procedures for nonscale-type responses in
a scalogram have been developed by Guttman,1 Loevinger,3 Sagi,4
and Green.5 This Table in the output is based on the procedures,
each row being labeled with the person to whom it refers.

Raju and Guttman6 have provided an alternate index of unidimen-
sionality, listed in the readout at this point. Chilton7 has
provided an extension of Scheussler's analysis, and his expected
reproducibility, standard error, and Z value are listed next.

Following this are two groups of computational fragements used in
calculating values for the Table just mentioned, along with another
group of indexes calculated in the manner intended by the referenced
authors. These indexes were included to describe the data further.
The student will find it instructive to compare these indexes to
those mentioned earlier. Loevinger's homogeneity index leads the
list of indexes. The KuderRichardson reliability index° is
followed by the value of the F ratio and the corresponding degrees
of freedom for tests of significance.

continued000
000
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Then thc;e are two values for the index consistency I as proposed
by Green (since h suggests two coefficients of reproducibility),
the Borgatta error ratio, which is equal to the "ratio of errors
in the scale to the maximum number of errors for a scale of the
same marginal frequencies" (Ref. 9, p.99), Menzel's coefficient
of scalability (as developed in his articlen), and Schuessler's
0 tests for the goodness of fit between the observed distribution
of the response-pattern frequencies and the expected distribution
of the response-pattern frequencies.11

Error Message

There are various appropriate error messages that are printed when-
ever faulty input data are supplied. If a zero is coded in any
column under consideration, a list of the cards which so qualify
(and are therefore not included in the scalogram) is printed.
Other forms of mispunching, such as a value greater than the maxi-
mum allowable punch (from 3MISP card), will cause termination of
the analysis of this data set. Omitting the 3MISP card has the
same effect.

If the columns on the 4ITDI card do not match those on the 3MISP
card, or if the 4ITDI card is omitted, termination of the current
data analysis will also, occur. This, of course also applies to the
5GUTF card.

Two other possible errors may occur in the data. If more than 350
respondents are represented in the data set, the analysis of a
study is halted. Second, if more than 30 items are indicated on
the 3MISP card, only the first 30 items will be processed; there-
fore operation is not terminated. However, as in all the above
instances of error, a suitable message will be printed upon finding
that condition.
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001 722
002 222
003 722
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CD 28 49 49 95101103123131
CD
CD PP48ABILITIES

.17 20 .60 .74 o
CD ,20 ,57 .62 .78
CD
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0

00
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0 00 n 00
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THAL MEAL 0870 CHANCE
TYPE FXP ExP

o .168 048 .00177
1 .126 030 .00878
2 0.000 .030 .02116
3 075 .006 .05095
4 e036 .030 03861
5 .012 132 02523
6 .120 036 .01588
7 .048 .018 .00561

016 .042 .00154

TOTALS 1.000 .371 .16932

TOTAL COFR FXP Exp ERROR ERgo8 criF8 CnFR
ERROR ERROR cnFR WEV ZFE ADEPR ZEE

GUTTMAN 142.0 4,894

LOFVINOER 354.0 735 549.4 .A74 13.973 .15.411 .410 15.613

SAO/ 136.0 .898 205.4 046 7.271 ,4,550 005 9.00

ORFEN B 140.3 .895 22410 .832 7.288 .11,481 .005 11.481

0PEEN 8 RASED ON GOCDMAN5 EXP ERROR .008 7.468

OPFER A .895

0041 *00 000 *00

FRAOMENTI

SAOI METH
0 I I 2 3 2 2 2 0 I I I 1 7 0 1 I 0 2
2 2 7 I I 1 1 1 2 2 2 1 0 1 1 0 2 1 1 1
0 2 7 2 I 1 1 1 0 2 2 1 1 1 1 0

LnEll METH
0 3 7 5 12 13 8 11 0 2 6 4 4 5 0 2 3 1 n 4
15 5 1 4 2 1 3 4 4 3 5 2nP3n6 2P1
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Richard J. Art, Jr., Northwestern Univer-
sity

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

The basic stepwise procedure uses Rao's generalized distance sta-
tisticl to omit all variables that do not add significantly to the
distance between groups. The analysis proceeds with all excluded
variables set equal to zero in the discriminant functions. Group-
and subject-membership probabilities are calculated. Discriminant
scores are also calculated and plotted for the first two functions
derived. A histogram is used if only one function is derived.

While several multiple-discriminant computer programs exist, they
all are analogous to standard multiple regression in the sense
that all the variables are included in the function, irrespective
of their ability to increase the discriminating power of the func-
tions derived. It is quite possible to add to the analysis vari-
ables that decrease group differences.2 As a result, discriminant
function:; derived by the standard multiple-discriminant methods
can often be considerably improved in their power to discriminate
by the use of the stepwise procedure. There is also the added
benefit of working with fewer original variables.

continued
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The major question of the stepwise procedure revolves around the
choice of the criteria with which to add variables. We have not
used the F-ratio method of stepwise regression analysis but fol-
lowed Raol and used the increase in Rao's V (Ref. 1, p.257) as the
entry criterion for the stepwise procedure. (The F ratio will not
be able to measure the increased "distance" that a new variable
will provide.) Once it is decided which variables shall be in-
cluded in the analysis, then the procedure follows the methods of
multiple-discriminant analysis in the reduced-variable space.

The output of the program is intended to give as much information
as possible so that powerful discriminant functions can be derived.
This includes measures of the discriminatory power of the derived
functions, such as plots of the discriminant scores and classifi-
cation of the raw input data of the discriminant function(s) . Fur-
ther, unclassified subjects can be classified by the program after
the calculation of the discriminant function(s).

Briefly, the stepwise procedure uses the variable with the best
univariate F ratio (between-groups variance to within-groups var-
iance) as a starting point. Each of the remaining variables is
tested to determine which of them adds the most to the distance
statistic, a generalized Mahalanobis' D2 described by Rao (Ref.1,
p.257) and referred to as Rao's V. The greatest additional dis-
tance is tested as chi square with groups-minus-one degrees of
freedom. If the "best" variable adds a significant amount, the
process is repoated, testing the remaining set of variables to
determine the best third variable to use in combination with the
first two selected. This search-and-test process continues until
it is found that none of the remaining variables adds a "signifi-
cant" amount to the distance.

REFERENCES

1. Rao, C.R., Advanced Statistical Methods in Biometric Research
(John Wiley Sons, Inc., New York, 1952), Chaps. 7-9.

2. Morrison, D. G., and Art, R. C., Jr., "A FORTRAN Program for
Stepwise Multiple Discriminant Analysis" (Northwestern Univer-
sity, 1967), pp.14-25. Copies may be obtained from Donald
Morrison, Council for Intersocietal Studies, Northwestern Uni-
versity, 1818 Sheridan Road, Evanston, Ill. 60201.
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0
USER INSTRUCTIONS0

o
0 Description of Input Data
0
0

Control Cards

Problem Card (firSt card for each analysis)

Columns Information

1-2 The number of groups on which the analysis is based
3-4 The number of variables

=1 if another analysis follows this one
=0 if not

6 =1 if an ungrouped set of subjects follows the last
group (OPT1)
=0 if not

7 =1 if a plot of the first two discriminant scores
for each group is desired
=0 if not

8 Must be 0 (zero)
9 =1 if total sample within-groups, between-groups,

and total sums-of-squares and crossproducts matrices
are to be printed
=0 if not

10 =1 if group sums-of-squares and crossprodacts, de-
viation sums-of-squares and crossproducts, and var-
iance-covariance matrices are to be printed
=0 if not

11-14 Chi square with number-of-groups-minus-one degrees
of freedom to limit variables entering analysis;
e.g., 5.99 (punch decimal point for 3 groups at .05
level of significance)

15-17 Percent of total variance to be explained by func-
tions; e.g.,99.(punch decimal point)

18-22 Number of subjects in the unclassified group if
column 6=1; otherwise leave blank

The second card on through as many cards as required (maximum of
5) should contain the variable names at six columns per name, 12
names per card, starting in column 1; thus, the 12th name is in
columns 66-72 of the first variablename cards, the 13th name is
in columns 1-6 of the second variablename cards, etc., as needed.

5/69
its
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For each group the following cards must be prepared.

Group Card

Columns Information

1-2 The number of variables (must match problem card).
Right-adjusted

3-7 The number of subjects in this group (right-adjusted)

Group-Title Card

1-72 Alphanumeric group title (need not fill 72 columns)

Variable-Format Cards (3 required)

Standard BMD floating-point-type variable-format
cards

NOTE: Subject ID is read as the first variable on
the first card in A-type format, although
not counted in number of variables. If for-
mat does not fill 3 cards, use blank cards
to fill out.

Description of Output (not necessarily in order shown)

1. For each group: dispersion, raw and deviation sums-of-squares,
and crossproducts matrices (optional--not shown in sample)

2. For each group: means-, standard Ldeviations, and coTrelation
matrix.

3. Total sample: within-groups, between-groups, and total sums-
of-squares and clossproducts matrices. Labeled W, A, and T
matrices, respectively (optional--not all shown in sample)

4. Total sample: means, standard deviations, correlation matrix,
arl totalsample size

5. Univariated F ratios for each variable (standard one-way anal-
ysis of variance F's)

6. Table of the generalized distance statistic (Rao's V) from the
stepwise procedure

7. Eigenvalues (roots) of W-1*A, trace of roots, and roots as per-
cents of trace

8. Eigenvectors of W-1*A (disciminant functions) associated with
above roots continued
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0
9. Scaled vectors to show the relative contribution of the selec-

0
0 ted variables to the functions

0 10. Wilk's lambda and F test for the hypothesis that the group0
0 means are the same over the groups in question and the vari-

ables selected

11. Centroids of the groups in the discriminant space

12. Dispersion matrix for each group in the discriminant space

13. Chi squares and group-membership probabilities for the group
centroids

14. Discriminant scores, chi squares, and group-membership prob-
abilities for each subject--(not shown in sample)

15. Plots of the first two discriminant-function scores for each
of the groups (optional--not shown in sample)

It is suggested that the group and total-sample optional matrices
not be requested unless necessary as they require time and produce
output that is often useless for the average user.

Error Indications

Error messages for negative or zero gamma-function arguments, bad
inputs to the plot routine.

Limitations

The program is limited to 20 groups and 50 variables maximum. The
size of the groups need not be equal, although this is somewhat
desirable. The total number of subjects should be greater than
the number of variables selected. The number of selected vari-
ables will, in general, be less than (usually ,-

of) the number
of variables on input. Chi-square criterion for selection should
allow the number of selected variables to be greater than the num-
ber of groups and should be so adjusted. The general rule of thumb
is

groups < variables selected < total subjects.

The discriminant functions are derived by a solution of the eigen-
value-eigenvector problem. The resultant functions are equal in
number to the number of variables selected or one less than the
number of groups, whichever is smaller. The statistical signifi-
cance of a function can be tested by a chi-square test (Reference
1, pp.371-378) on the associated root. It is noted, however, that
there is often practical use for functions that do not have sta-
tistical significance.
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This program is not equipped to handle missing data as there has
been no standard procedure devised for this case. If necessary,
the mean of the variable across the total sample may be used in
place of the missing scores on a variable if they are not too nu-
merous.

Job Deck Structure

Job card
LIBRARY (EIDISC)
LGO.
7-8-9 EOR

(a) Problem card for first analysis
(b) Variable-name cards for first analysis
(c) Group card for first group
(d) Group-title card for first group
(e) Variable-format cards for first group (3 required)
(f) Subject score cards (data cards) for first group

Items (c) through (f) are repeated for as many groups as
there are in the first analysis. Then,

(g) The variable format (3 cards) for the ungrouped sub-
jects. If none are present use 3 blank cards.
(h) The set of ungrouped subject score cards if present.

Items (a) through (h) can be repeated as often as desired
for a second analysis (new input as the program will not
reprocess the data from the previous analysis), a third
analysis, etc.

6-7-8-9 EOI

REFERENCES

1. Rao, C. R., Advanced Statistical Methods in Biometric Research
(John Wiley & Sons, Inc., New York, 1952), Chaps. 7-9.
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CD

SAMPLE INPUT
CD
CD

eAR026110?1,11410111600.
EIOISC

CD
LGO.

CD
03350110111.2599. 3

CD
ST2VLLSI2VLMPOPVLOCPVLHPOENVMPCEMVmPGROWNIFINSTALITI0PLITIOSPRESCOPRESIN
NFwoRRELMUSRFLmIxRELMI2RELMI3RELCHHRELCAHLINHOHLINWHOLIRERACOLRAFINDCBI
IDEDEVIDETRASFCEUSECEXTSECEXHIhAANDINAGEOmPAQHONPAIIMAFTRENvERpnWHORROw
3500010
GROUP ONE COUNTRIES wITH AN ACTLIAL COUP OR COUPS
(A6/20X4F1.0.X3F1.0/001.0,501.0.2x3F1.0.3XF1.0,2x4F1.0.2X2F1.n.X3F10/
Bx2F1.0.601.0.2XF1.0/6X3F1.0$10XF1.0.8XF1.0.0(2,1.0/TXF1.0.11XF1.01

CONLEO
22224242211222244114112122222112212 CONGOILE01
22721222222442711222222122424421222 CONGO(LEO)
22222224444222221222122616622261466 CoN60(LEO)
62622211122221111111111126121622222 CONGOILE01
21241222441227242122233321111212166 CONGO(LEO)
CAME
22224242211227244114212222222112222 CEN AFR REP
22222222222442221222222222424431222 CEN AFR REP
27722224124222221222122212126622122 cEN AFR REP
22222222222266611121122255111122212 CEN AFR REP
22214221442666442122242122222122422 cEN AFR pEp
SURUND
22224242211222244114222221122112222 BURUNDI
22222222222442221222222522424451115 BURUNDI
22222224444222221222122515526651442 RURUNDI
12155522222266611122122255111122221 BURUNDI
22244221442666452522255522421221122 RURUNDI
GHANA
2?224242211227244114212122212112222 GHANA
22221222221421221221222221424421222 GHANA
22222224114222221222111212121122122 GHANA
222421421222111111 21122255111122212 GHANA
222141224424214421.42111122222122422 GHANA
NTGFRI
22224242211222244114111121122212212 NIGERIA
22221222221421211222222221424421222 NIGERIA
22222224114222222222322111426631466 NIGERIA
67622211122221111121111121122122122 NIGERIA
21241222441666422233333121121221121 NIGERIA
SUDAN
27224242211227244114112122222112222 SUDAN
22721222222442221222222212424422222 SUDAN
22222224114221111222121212172222266 SUGAN
67242111122211111111166626622622222 SWAN
22216222646666466666622222222662666 suOAN
RwANDA
222242427112272441142222211221:2222 RWANDA
22222222222442221222222522424451115 RWANDA
22222224444222221222122515526651462 RWANDA
62155522222266611111122155121122221 RWANDA
22244221442666452533355522421122422 RWANDA
TOAC
22224242211227244114222222222112222 TOGO
22222222222442221222222122424421222 TO00
22222224124222221222122616622666666 TOGO
66642142122266611121122166622622212 TOGO
22216221442666466622266622222622666 TOGO
UGANDA
2222424221122,244114212122222112222 UGANDA
22222222222442111222222122424421222 UGANDA
22222224114222222222322111426631411 UGANDA
11122211122221111121111121122122122 UGANDA
21241222441666422233333311555221121 UGANDA
UPPVOL
22224242211222244114212222212112222 UPPER VOLTA
22222222222442221222222212424421222 UPPER VOLTA
22222224124222271222122515526622142 UPPER VOLTA
12222222222266611121122255111122212 UPPER VOLTA
22214221442666442122242122222122422 UPPER VOLTA

1 023
7 1123
1 n23
4 023
5 023

1 n16
7 016
3 016
4 016
5 n16

1 n12
2 012
3 012
A n12
5 n12

1 039
n39

3 039
4 039
5 1139

1 077
2 OTT
3 nTT
4 077
5 77

1 n94
094

3 1194

4 094
5 9

1 1

100
3 100
4 100
5 100

1 104
7 104
3 104
4 104
5 104

1 109
7 109
3 109
4 109
5 109

continued
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3S00006
OPO0 TwO COUNTAIFS wiTH AN ATTFMPTEM C002
4A6/20X4F1.0oX3F1.0/401,0,501.0,2X3F1.0,3XF1.no2X4F1.0,2X2F1.0,X1F180/
BX2F111016KF1.012)(F1.0/60F1.091001.0,8x1,014)(2F1.0/7XF10,17XF1.01

CONORA
22224242211222244114212222212112222 CONGO(RRA)
2222222222244222122222212242442122? CONGO(RRA)
22222224124222221222122515526622142 CONGOIRRA)
12122242122266611121122255111122221 CONG0IRRA)
22244221442666442122242122222122422 CONG0(RRA)
ETMIOP
222242422112222441141121222521122/2 ETHIOPIA
222212222224422212222222214244222;2 ETHIOPIA
11122444444414212221222212122122132 ETHIOPIA
32222242122211111121144444422222222 ETrolopIA
22144444442444444411111122222222422 FTHIOPIA
GAMIN
22224242211222244114212222222112222 GABON
22222222222442221222222122424421222 GABON
22222224124222221222122515526622122 GABON
22122242122266611121122255111122212 GABON
22214221442666442122242122222122422 GAtioN
MEGA
22224242211222244114212222212112222 SENEGAL
22221222222442221222121222422211222 SENEGAL
22222224124222221222121616622622142 SENEGAL
12642142122221111121122211111122212 SENEGAL
22214122442421422222242122222122422 SENEGAL
SMUG
22224242211222244114222222212112222 SIERRE LEO
22222222222442111222222221424421222 OTERRE LEO
22222224114222221222122111426611411 SIERRE LEO
11142142122266611121121122121122122 SIERRE LEO
12222221442222422242122222421221121 SIERRE LEO
TANOAN
22224242211222244114112122222112222 TANGANYIKA
22222222222442111222222221424421222 TANGANYIKA
22222224114222221222121515526621442 TANGANYIKA
1214212222222)111122122211111122212 TANGANYIKA
22214122442111422222211122222322322 TANGANYIKA

.00

8

- .

1 n22
2 nP2
1 n22
4 022
5 422

1 n33
P n33
3 033
4 n33
S n33

1 n36
R n36
3 n36
4 036
5 n36

1 019
P 039
3 nR9
4 n89
5 089

1 090
090

1 n90
4 090
S 19n

1 09R
2 09R
3 n9A
4 n9A
R n9R

continued
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CD 3500006
r-1 6ROUA THREE COUNTRIES WITH NO L;UPS OR ATTEMPTEO COUpS OVER THE PERIM)
CD (A6/20X4F1.00(3F1,0/4XF1,05XF1.0o2X3F1.0o3XF1.0aX4F1.0,7X7F1.00(3F140/
CD 8112F1.016XF10,2Xp1.0/6x3F1.0,10XF1.011BXF1.0414X7F1.0/701.0.17Xp1.01

CD CAmERO
22224242211222244114212222222112222 CAMEROUN
2?222222222442111222222221424421222 CAMEROUN
22222224124222221222122111626631466 cAMEROUN
62142142122266611121121121111122121 CAMEROUN
22244222441666442122242111421122421 CAMEROUN
CHAO
2222424221122224411411222221211222? CHAU
2222222222240111222222212424422222 CHAO
22222224124222271222122515526622142 CHAD
12122242122266611121122255111122212 rHAu
22214221442666442122?42122222222222 cHAn
GIIIKIA
22224242211227244114212222212112222 GuINEA
22P22222225455221222222212424421227 (UINEA
22?22224124222271222111212121122122 AUINcA
2224214212221111112112225511112221? RuINEA
22214122442111422?42111122222122427 GUINEA
LIBERIA
22?24242211227244114222222222112222 LIBERIA
22222222721227211222222122424421222 LIBERIA
21122444444221222222322712111121422 LIB,991
22?22242122211121122121121122122217 LIBERIA

VA!11
423244211144?,11122222222122422 LIBERIA

22224242211222744114112222212112222 MALI
2222222222240111222222212424422222 MALI
2222222412422227122212251552662212? MALI
222E5521122266611121122255111122212 mALI
22214221442666442122242122421222422 MALI
SOMALIA
22224242211222244114212222222112222 cOMALIA
22222222222442111222121222422211111 SOMALIA
2222222444422,221222122111526631442 SOMALIA
12142111122266611121171122122122221 SOMALIA -
22244222441227422242122222421212127 SCHALIA
1A6/20X4FloDIX3F1.0/4e1.0o5XF1.0,2X3F1.poWl.no2X4F1.00X2F1.00(1F10/
SX2F1.1),601.0.2010/6X3F144.1001.00101014W1.0/7XF1.0.17)01.0)

DANCMET
22224242211227244114222222222112222 nAHOHEr
222222222?2442221222222221424421222 nAHOMEr
27277224124277271722122515526622122 OAHOMEY
2222224212226661112112225511112221? DAHOMEY
22214221442666442122242122222122422 OAHOMEY
NIGER
22224242211222244114112222212112222 NIOER
22222222222442111222222212424422222 NNER
22222224124222271222122515526622162 NIUER
62222211122266611121122255111122217 NIGER
22214221442666442122242122222122422 NIBER
IVACO
22274242211227244114212222212112222 IVORY COAST
2222222222244?221222222221424421222 11,07 COAST
222222241242222712e:2121313326622122 IVORY COAST
22242122222221111121122255111122212 /VORY COAST
22214122442421442122211122222122422 IVORY COAST

5/69 9

I n14
(114

1 n14
4 n14
C n14

1 n47
7 n4?
3 n47
4 n4?
5 n42

1 16?
62

1 n62
4 n6?
5 n62

I n67
7 n67
1 n67
4 n67
5 n67

I n91

2. n91
1 n9I
4 n91
5 n91

I n2A
2 nPq
1 n2R
4 n2A

n2R

1 n76
? 176
1 n76
4 n76
5 06

1 n54
? n54
1 n54
4 n54
5 n54
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SAMPLE OUTPUT

muLTTPLE nISCRTMTNAnT ANALYSIS

Nn, OF umos 1:

Nn. OF VAP1ARLES a 35

CORPFLATION ANALYSIS FOR GROUP CNE COUNTRIFS wITH ACTuAL Mr) nP rluPs

NIIME.FR OF VARTARLFS = 35

NuMpER OF SURJECTS IN THIS GROUP 10

CORPELATTON ANAOSIS FOR GROUP TwO CouNIPTES WITH AN ATTFMPTFu rn110

NuMPFP oF VARTARLFS = 35

NOMPER OF SuRjFCTs TN THIS GROUP a 6

coRRELATTON ANALYSIS FOP GROUP THREE COUNTRTF5 w/tH No coups OR ATTplIPTFu MIPS 0VPR THF PF*Ino

NuMpFR OF VARTARLFS se 35

NUMPER OF SORJECTS TN THIS GROup

10

continued
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CD

VAR TNAGEx OMPACIL ONPON AFTwFN VF4Pnw CD

CD

ST2VLI. 1 -.800 -.533 -1.600 -2.5011 .747 CD

577V0 2 .300 .367 -on() mponn 1.067 1-4

IMPVLL 3 -1611n -.400 -.200 -.Snn .7111 cD

PnPVLP4 4 .1.667 -1.000 -1.333 .46%13 1.5nn

PDeAVN 5 .200 -1.200 1.010 .Sn0 .111n

P9FMVM 6 .200 -1.200 1.400 .SnO .1nn

Ponom 7 4,8nn 3,200 -.400 4.000 -1.1nn

FTNSTA A -1,067 -.600 -1.133 -4.333 'Ann

1.7740A 9 -1.867 -.467 267 -.313 .711

1.77105 10 .1.200 -.800 .600 0.nn0 .9nn

'DREW) 11 .067 -1.067 .133 .831 1.013
PAFSIN 12 -.800 -1.533 -.600 -.sot) 2.26.7

NFmtTA I.
.400 .600 -.200 -.bnn

RFOUS 14 -,500 -.167 .500 -.5nn -.167

Won( 15 -3.533 2.533 -5.067 -W.167 p.711

RFLPT2 IA .800 1.200 -1.400 1.0n0 -1.1no
8FLPT3 17 -.367 .067 -.231 -2.811 1.211
PFLCHM 1A -1.000 -.333 1.000 -1.enn -.111

RFLCAM 19 -1.000 ...333 1.000 -1.c.nn

LTNoOm 20 .767 .233 1.031 1.311 .611

LiNmHo 21 .133 -1,467 4.p67 .667

LTAFR4 22 .133 1 .467 4.267 '047

VILOW 23 2.900 6.100 -4.700 r.(100 .70o

MOM 24 0367 31467 -4067 J.313 1.267
!MEV 25 2.700 .967 .Q011 i.500 -1.211
InETAA 26 -.833 -.500 -.167 -,'.167 11.00n

5FCEMN 27 -2.000 -4.333 1.11n0 -,?.onn P.167
51ITEXT 2A -1.733 1.933 -.467 -1.567 1.467

5FCEAN ao -1.767 -.900 -L.n33 -1.M13 1.2nn
INAANO 30 .100 -.433 -.3110 'one .467

!NAM 31 4.567 1.433 .631 3011 ..4A7

OmpAau 32 1.633 5.233 -d.413 ?.167 -1.967
ONOADM 33 .633 .62.633 J.7h7 1.161 .0A7
ArTPEN 34 3.933 2.167 1.167 1".667 .1.911

Velww 35 -.467 -1.867 0167 -1.413 p.q11

continued
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TnT R SFC11nN

VAR
MFANS
ST.CEV

51241.1. 1

ST7V0 2

PnPVLL 3
PnPVLA 4

AnFAVM 5

PnFMVM A
P6F1044 7

FTNSTA A

0710P 9

LTYlns 10
PREscn it
FeRFITN 12
NFwcTR 11
RFIMOS 14
RFLMTX 15
RFLM12 16
RFLMT3 17
RFLCHM 14
AFLCAM IQ
LTN1.nm 2n
LTN040 21
LTAFRA PP
cmt.R4F 21
1NDC4I 24
1nEOFV P5
TnFTRA PA
SFCFXN 27
SFCFKT 24
SFCF)04 24
1NAANO 31
TNAGFx. 31
OmPA9n 37
ONPAnm 33
AFTPFN 34
vFppnw 15

4

TNAOFX
1.318
.477

...162

095
-.319
-.371
.-.013

-013
.528

-.239
...264
.1142
.0414

-.160
.149

-.123
-.2Pn
13P

-.020
-.123
-.173
184
.011
-.O13
.239
094
.69.)

-.319
-.261
-.458
-.37n
.013

1.000
.293
.134
487

-.184

OmPAOL
1.500
.512

-.09P
.10P

m.2111
-.293
...397

097
.375

-.204
-.123
-.193
-.09p
-.10,43

.21P
0.000
261
.325

-.204
0.000
0.000
0.000
...397
.097
40P
240
.234

-.210
-.397
-.40A
-.10A
....132

.293

1.000
-.542
256

.0.471

ONPAOM
1.773
.429

-.37n
-.224
"011g
-.170
.417
.417

-.017
-.311P
V.000
.035
.n9s

-.0s9
-.114
206

-.514
'.294
-.099
.P06
006
.256
.743
.733
'099
.443
.256

-.114
.071

-.099
-.224
-.Int
.134

*.547
1.000
.t141

.n26

AVTWFN
1.616
.777

-.350
-.333
-.112
-.675
.170
.170
.692

-.611
0.060
.n1.71

-.no
-.112
-.142
-.144
.141

-.457
-.142
-.142
.241
.170
.170
.314
.174
.S73

-.776
.nn9

-.170
-.313
.n17
.447

.141
1.nno
-.241

VER7nW
1.519
345

.144

.256

.463

.417

.156

.154
"126
.241

.160

.197

.516
....103

...144
.276

.241
m.149

.227

1424
.111

-.349
-.111
.3701

.505

.254

.1147

.076
-.241
1.onn

00

00
2 2

continued
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F RATIOS FOP FOP TNCTVIDUAL VARIABLES

NUMBER OF DEGREES OF FREEDOM ARE 2 AND 19

AMOAG MEAN SOP WITHIN MEAN SCR
.251
.198
.047

.003
048
.077
. 470

.245

.245
. 382

.315

.533
977
.603
.514
.027
076
. 1447

.382

.215

.303
. 303

. 1n3
079
. 079

.416

.715

.003

. 41

5048
.315
.315
. n12

.1n3

. 133

.048

.212

. 170

VARTARLE RAOS V
ENTERED FOR TOTAL

SFT
27 SECEXN 9.20
11 PRFSCO 17.03
10 ITTIO5 22.57
12 PRESIN 76.6A
4 POPVLM 30.52
29 SECEXM 34.59
16 RELMI2 38.24
14 RFLMUS 40.93
35 VERPOW 43.17
20 LINMOM 44.42

. 202

. 111

111
. 795

. 196

. 575

. 479

. 148

.275

.047
ORB

1.172
.163
. 207

351
.351
.161
.128
.128

2071
1.41/3

. 172

.044
1.772
.196
.170
.135
. 240

.275

.198

.561

.154

F RATIO VARIABLE
. 01 1 SI7V1.L
.24 SIZVLm
.58 POPV1L

2.13 4 PoPyL4
2.22 5 POENvm
2.22 6 PrWsom
. 4A 7 PGPOwH

1.60 A FTNSTA
.93 L1T1OP

1.94 10 LTT1nS
3.21 11 PRESCO
P.64 12 PRESTN
.58 11 NEWCIR

14 HFLMHS
.74 IS 4-041%

2.34 14 HFLM17
1.04 17 011411

18 MFLCHm
0 6 1Q 9FLCAki
. 64 2n LINHM4
. 6? ,1 LINWH0
.67 17 LTREPA
.22 71 Cni.1.44F

.50 74 INOCRT

.07 25 InFoFy
1.314 2A InFTPA
4.60 P7 SFaxm
1.61 ,4 3FCFF.7
105 79 SECFlim

.09 3n INAANn

.41 41 INAGFs

.49 jp Dm7A011

.24 33 ONPADM

.38 44 AETPFN
1.10 35 VERPnw

V ADDED SIGNTFICANCE nF
RY VAR. TOTAL SFT ENTERED VARTARLE
ENTERED AS ADOEn

9.20 1.1000E-01 1.10F.01
703 i.l000r-ol 1.10E-01
5.54 1.1000E-01 1.10,-01
4.11 1.1000F01 1.10E-01
3.84 1.100or.u1 I.10E-01
4.07 11Innor-ul 1.10E.01
3.65 1.1oonr-01 1.1OF-(11
2.6Q lpionop.01 1.1OF.Al
p.23 1.10oor.ul
1.25 1.1000E001 1.1or-nt

ALONE
8.90EmM1
R.Q0E01
F1.10E01
8.90E-01
ROOF-01
ROOE01
0.90E.01
now-nt
RonE-01
sopE-01

VARIABLES ENTEREO TC HERE WILL BE usrn FOR ANALYSIS
24 MCAT 45.24 .82 1.1000-0i 1.10E-n1 R.00E-01
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DTSCRIMINANT FUNCTICNS AS COLUMNS

TRACE OF WeINVERSEAA 6.63170

1
0
0
!D

VECTOR SECTION 1 CD
ROOTS 5,830 .802 CD
PERCNT 87005 126095 h4

C.;

STZVLL 1 0,000 0000
WW1 2 0,000 0,000
ROPVLL 3 0.000 0000
POPVLM 4 .205 .468
',MVP 5 0,000 0,000
Pnwim 6 0,000 0000
PORCWM 7 0,000 0,006
FINSTA 8 0,000 0,000
LIT1OP 9 0,000 0.000
LIT1OS 10 .267 .,033
PPESCO 11 .022 .296
PRFSIN 12 -.679 -.269
NFMCIR 13 0,000 0.000
RFLMUS 14 -.456 ,232
RFLMIX IS 0,000 0,000
RFLMI2 16 ,059 -.569
RFLMI3 17 0,000 0,000
RFLCHm 18 0,000 0.000
RFLCAM 19 0,000 0,000
Ltmom 20 ,401 ,096
LIN1010 21 0,000 0.000
LTRFRA 22 0,000 0,000
COLPAF 23 0,000 0.000
INOCRI 24 0,000 0.000
irnmy 25 0.000 0.000
!OEM 26 0.000 0.000
5FrIXN 27 .172 ..170
SFCENT 2P 0000 0.000
SFCEXM 29 .011 -.120
INAANO 30
INAOFX 31

0,000
0.000

0.000
0.000

empAau 32 0,000 0,000
ONRAOM 33 0.000 0.000
AFTREN 34 0,000 0,000
VFRPOW 35 049 ,364

continued
CD
CD
CD A ertiq
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PALED VECTORS

EDUATIONAL INFORMATION NETWORK

000 0010

CD VFCT014 SFCTION 1

CD pnel 5030 002
PFRCNT A7.905 12.095

0
CD
CD STP/LL 1 0.000 09000

SIPILM 2 0.000 0.000
POPVLL 3 0.000 0.000
POPVLP 4 401 .955
PnEAVM 5 0.000 0.000
PnFOVM 6 0.000 0.000
PAPCMM 7 0.000 09000
F1NSTA A 0.000 0.000
L1T1OP q 0,000 0,000
LTT105 lo .806 4100
PPFSCO 11 .041 .559
PRFSIN 12 -1.402 ...556
NFWCIP 17. 0,000 0,000
FiFlouS 14 ...591 .299
RFLM1X 15 0.000 04000
RF1012 16 .104 1.037
RFLMI3 17 0.000 0.000
RFICHM 18 0,000 0,000
RFLCAM 19 0,000 0,000
LTNMAM 20 .702 ...IA@
ONMHO 21 0.000 0.000
L14FRA 22 0,000 0,000
cnow 23 0.000 0,000
!OCR! 24 0.000 0,000
InEnEV 25 0,000 0,000
IOFTRA 26 0.000 0,000
SFCFXN p7 .845 ...83!
SFCEXT 28 0.000 0.000
SFCSXM 29 .019 -,215
1NAANO 30 0.000 0.000
INASEX 31 0000 0,000
OMPA1U 32 0.000 0.000
ONRanm 33 0,000 0,000
AFTOFN 34 0.000 0.000
VFRRAW 35 .255 ...658

Loom FOR TECT OF M2 .0812504

Dna 20.0000000

OFPN 20.0000000

FOR TEST nF Hp, F 2.5082225

continued
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000 0010

PFRCFNT nF IR4r,F= 100.000 05ING ? nISCRTMINANT 1.1i4(7110Nc.

CFNTROI0c ANn nT5pERcION5 IN RECUCF0 SP4c1..

NO. OF 09noPS :I I

No, OF 1Fs7 VeRIARLF5 = 35

NO, n; LINEAR cnm4INATIONS m

CFN7ROICIS OF ntionpS IN RFOOCEn SPACF. ROw.w191-.

Ow, I .0409271 .1.0467351

ORMUD .4676476 .1.605541

!IRMO 3 9263246 -A76117?

DISPFPSION Im pFnucEn SPACF FOR (44010, I

40201177 -.0032946
-0012944 1432424
2,4716=49F-03

DTSPERSION IN RFnoCEn SPACE FOR GRoMP 2

.07n5Q91 -.0004544
-.n0n4544 40533214

3.7641175E.03

nI4PEPSIoN IN PFnuCED SPACE FOR romp 4

.02F048p .0063447

.0063447 0417934
1.1331050E-03

CHT SoUARFS ANn OROLR 4F44ERS4IP PR0RAdILITIFS F04 414000 1 CFNTRofn
3#3,40.690,0000

0949
92443

3 .nob1 .onon

CHI ROUAGFS too GPOLP MEMHENGHIP PRo4A8ILITIFS F06.0 6ROUP CFNTP070
2 1 16.2500 0.000U 14.3?S4
3 1 .0006 09de .0014

C4T SOLIARF5 ANn WO 4FmUFF4s4IP PROPAHILITIES FOI, (wow) 3 CENTGnin
2 1 50,9635 1004403 oonon
3 1 soon 0029 QQTI

131
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0 COST ESTIMATE

0
0 For the job listed on the Sample Input, the total running tim., was
0 18.513 seconds for central-processor time and 139.407 seconds for0 peripheral-processor time with a memory useage of 111,600 words.

Chargeable computer time was$7.33.

Charge to user = computer time + postage and handling + network
overhead

1

= $7.33 + $15.00 + network uverhead

= $22.33 network overhead'

L

CONTENTS EIDISC

pages

1,2 Identification & Abstract
3-6 User Instructions

7-26 I/0
27 Cost--Contents
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DECRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

EDUCATIONAL INFORMATION NETWORK

000 0011

Multiple Regression and Correlation Analy-
sis, Modified with Plots

PLOTYY NUCC079

Vogelback Computing Center, Northwestern
University

Vogelback Computing Center

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

This program calculates basically the same information as does BMD29
(EIN No. 000 0012). However, it also plots the predicted Y versus
observed Y values of the dependent variable.

As in BMD29, the independent variables are listed in the order
of their importance, based on the reduction of sums of squares of
the dependent variable attributable successively to each independ-
ent variable. The maximum number of variables that can be pro-

cessed by this program is 59.



EDUCOM
EDUCATIONAL INFORMATION NETWORK
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USER INSTRUCTIONS
0 Program input cards are exactly the same as those for BMD29 (EIN

o No. 000 0012), except that0
(1) a blank card or a PLOT card must follow

each RD card in the input stack

(2) a blank card causes an exit from the plot-
ting sequence, and a PLOT card causes the
plot to be executod

(3) the user must select the plot range that
he wishes

Example: If a person wants to consider people in a grade-point

continuum who have grade-point averages from 1.5 to 4.0, he would

punch the card

PLOT 4.000 1.500

Columns
1 4 PLOT
5-14 Highest value of predicted or observed Y to be plot-

ted
15-24 Lowest value of predicted or observed Y to be plot-

ted

These cards must follow the RD cards to which they refer.

The user must also select option 02 on the RD card to generate a
scratch tape with plot points on it. If this is not done, the tape
will have on it the value of the last plot executed or the value

of whatever had been written on the tape during a job that had used

the tape earlier.

Job Deck Structure

Job card
LIBRARY (PLOTYY)
LGO.
7-8-9 (EOR card)

Program control cards and data (see BMD29 writeup)
(EOI card)

REFERENCE

See Catalog entry for BMD29 (BIN No. 000 0012) for further instruc-

tions for usage.

SY69 3

14
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SAMPLE INPUT
cD

CD vLIRwo:HMMEMMOMMOVC"72)flue P107YY

L1ARAlvt(PL0TYY1

CD
PWINF it4P000400000Q11(J.r0
TRACt0.040FINICASHRE0
.00003 A 4 444

.927;44 11 10 217

A713 2+ A 'IA

A966 45 36 17

12014 4 1 34)

.4419h2 4 5 Igq

1461r., 17 9 lit.

15SA1 12 led 017

2221 1 3 erg,.

W102(0,120203
PIJIT r+7.0 "W.0

EDUCATIONAL INFORMATION NETWORK

ppGwriv 4 1SOOW, 1.2.r1
00

hic.PNSC!ImSLSINASISAYN041

.210g 1424 0" 44
ORAno 6144 0. .

172A4
044.

6.1;.:44,

2gko

oo

LA?, u 4{ ,

.P03g. 214. 27. U

.2441. go 4 11

12,47 42 42+ A

.s24,14 3S4. 1115, V%

.2741+
.277.

1SP.
3.m.

/4.
3.

4,
4k

..74. 2- 5" hi

19(0 A* AI.

21343 207. r?A

.1114. ir.45. SA. 41

AbM201 0
PLnY
rIN1sA

5/69 5
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SAMPLE OUTPUT

MOLT1PLF RI.JiNE!.0,1^,4 C:D4t4ELATV'N ,N.ALy$Tc.
1:1140 29 - OCLA A1.01LAI r.F 111..q

PROBLPA NU4r4FW CNt

NO. OF VA91ArLES 4

V.NPLE SIZE

SUNS

N;',. 3

57.3/700 f4.00000 62.00000 2208.00000

SUNS OF SOUARES
190046.(12498

cartss PRODUCT SJAS

14QH.00000 1692.00000 650060.00000

ROW 1

1 9614 6 0e). 49 QT.73t100 1016.901400 -111204700

ROW ?

-501.00)00 14u4.00000 16F10.00000 12202.00000

Row
-101^.90M00 1"0.000c0 1692.00000 m1344.00000

Pnw 4
.1712044700 P.20.00U00 6a39.00000 6500A0.00000

CROSS PRODUOS OF DILVIATT1NS

ROW 1

19320.233M6 2/.714267 -621.64422 12363.b43b7

ROW
77.7A20 1124.00Q00 1101.33333 -41406.00000

ROW
.67104422 1101.33333 12h4.8131049 .8371.AAW

ROW 4

12300.6430 -3404.00000 ..8371.66667 108364.00000

S1NPLF COH9FLAT1ON COFFF10:1cNrS

8nw 1

1.00000 .00596 ..1/575 .27021

ROW
00Cgol l000nu 93665 ..7A166

ROW 3

..12S75 9?i6b 1.n)rmi

ROW 4

07021 -.16166 ".71506 1.00000

PPORLFM NU4404 ONL
REPLACFMFNT AND DELtTION

0EPEN0FNT V4kIA4LF iS T110 1

NUMNFR OF VAaIAHLFS otLrTco 2

VAPIARLES 0ELETtD... 7 1

6 136

continued

5/69



A li,Lrc7S CF VARTA,"CF Fflm wEbPFSS1CN

scuRCF CF vAHIn1I^... n.F. cAlm fIK mEAN F

KvoilWrS SQUARES VALUF.

nur TC PFGRrcSICN I 14111.61316 1410%61316 .56134

nEvIATTCN A9Cuf -4FG-1:SSIC- 7 174,19.67nf0 2Ssm.51724
1C1A1 u 1,07,.231B6

VARIABLE
NC. NAME
4 GNP
0EPENTWNT

TRACT.;

1iT1-4r.r.J1 (A VALLW.) IS

STANJUAR0
nEVIATICN
116.36S14

49.14295

CCMPARI. CHECK CN FL4AL rcpFFICIENT

-34.3662^

REG.
CCIF.
.11404

.11409

stn. Elmna cnmP1JTE0

CF REG.CCEF. T vALIIF

.15366 .74252

PARTIAL
CCRR. CCEF.

77021

INCRF'0ENTS FC.4 14r.t:PENOENT VARIAALEc CUMULATIVE REGPFSSICNS

VARIABLE SuAG f;F RPCP. F IIALut SID. ERRCR SHmS CF PRCR.VAR. F MULTIPLE

NC. NAME SolaRFS VAR. EArH TiRm ci ESTIMATE SQUARES = R SQ. VALUE R

4 GNP 141H.e,1316 n7301 .5%134 50.514179 1410.61316 .07301 .55134 .27021

PRcPCRTICN nr VAA.c %Pr.-

CIFIrn 7Q LImIt va016.7LiS 0.00000

11eLr CF RF.S1H1i4L

C4SE1VATIC4 7 vHur Y ESTU0ATE aEsfOLF4L

1 ST.e-oe, 4.a9202 5e.12ncm

2 -92.r?+-J11 -9.A07Ais -83.121112

3 B.e13^0 -7.44010 16.ib310

4 Fl...m5n01 -ii?.42660 41.39260
S 12.044no 4.2175d 2.131642

6 -33.4.3?on -11.661c6 -7e.12(144

ka 7 140..i50n -1.56759
15.:-H0111

6
7.50617

3100259
a a...154so

C0.3
9 P.e211,1 ,-1.279n4 3.%0004

44

000 0 0 1 1
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mOLT1PLF RErwESSI1N AND cNo4ELATI.,N ANALYSTS Nn. 3

ri 41m0 29 - OCLA mEDILAL rpaEw
CD
CD PRoTILEm NUM9LR tiwIN

CD NC. OF VAMIAHLES 4

CD SAMPLE SIZE 15

SUMS
15420.00000 3427.00000 344.00000 519.00000

SUMS OF SQUARES
69620914.00000 1309229900000 24906.00000 34923.00000

CRoSS PRC000 SUMS

Row 1

69620914,00000 655334R.000o0 840891,00000 352662.00000

Row P

6553368.00000 1309229.00000 72/22.00000 185658.00000

ROw 3
840491.00000 72722.00000 24906.00000 W03.00000

ROW 4
352662.00000 145654.00000 12103.00000 34923.00000

C8oSS PRODUCTS OF OLVIATToNi

RN 1

52936087.33333 939005,33333 435899.00000 -194710.00000

ROW P
939005.33333 526273.73333 -15009.20000 67083.80000

RON 3
436899.00000 -15004.20000 150,5.60000 -S83.40000

ROW 4

-194710.00000 67083.80000 583.40000 16965.600w

SIMPLE Ct188ELATION COEFFICILNT5

Row I

1.00000 .17790 48791' -.20646

Row
17790 1.00000 -.168S1 .70995

Rlw 1

48795 -.1A451 1.00000 -.03648

RCw 4

"020546 400995 .164k 1400000

PROFILFM NOMAO fiwrti

REPLACEMENT ANO DELLIION 1

11FREN0ENT VARIAbLF IS NT.,

NUMBER Cf. VARIAMLFS ottrTFO 0
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,-1 COST ESTIMATE
I-I

0
0 For the job listed on the Sample Input, the total running time waso 3.395 seconds for central-processor time and 40.673 seconds for0
0 peripheral-processor time with a memory useage of 72,100 words.

Chargeable computer time was $1.64.

Charge to user = computer time + postage and handling 4. network
overhead

= $1.64 + $15.00 + network overhead

= $16.64 + network overhead

CONTENTS PLOTYY

pages

1 Identification & Abstract
3 User Instructions

5-12 I/0
13 Cost--Contents

4/70 13 .143
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DESCRIPTIVE TITLE Multiple Regression and Correlation Analy-
o sis

CALLING NAME

INSTALLATION NAME

BMD29 NUCC043

Vogelback Computing Center,
Northwestern University

AUTHOR(S) AND
AFFILIATION(S) Program originated at UCLA Medical Center

as part of the Biomedical Statistics Pack-
age

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Deck and listing presently available

CONTACT Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

This program is a modification and extension of BMD06 of the UCLA
biomedical package. The primary modification is that the indepen-
dent variables are listed in the order of their importance, based
on the reduction of sum of squares of the dependent variable at-
tributable successively to each independent variable. Additional
output includes cumulative

(1) standard errors of estimate,
(2) sums of squares,
(3) proportions of variance,
(4) F values,
(5) multiple correlation coefiicients.

The maximum number of variables that can be processed by this pro-
is 59.

The upper limitation on sample size is 99,999 and the lower lim-
itation on sample size is two greater than the number of variables.

8/69 1 144
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This program can perform a different transformation of any variable
and generate new variables if desired, according to the codes spec-
ified in the transgeneration cards or through lagging. Any num-
ber of variables can be generated, but the total number of vari-
ables must not exceed 59.

Any variable, original or generated, can be named the dependent
variable. There is no limit to the number of replacements (see
ReplacementDeletion Cards).

The maximum number of variables that can be deleted at one time is
32. However, there is no limit to the number of deletions of dif-
ferent sets of variables.

The standard format (12F6.0) for input data or a variable format
may be used.

This program uses a reduction of the sum-of-the-squares method to
calculate regression and correlation coefficients to fit data
points.

REFERENCES

Although no specific references are provided, the user is directed
to check statistical references for the Von Neuman ratio and the
DurbinWatson coefficient of correlation.

t
At
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(1, NI USER INSTRUCTIONS
0
0 Description of Input Data
0
0
0 Control Cards

1. Problem Card (One problem card for each problem)

Columns Description

1-2 PR

3-6 Problem number (may be alphabetical characters)

7-8 Number of original variables, p (p < 59)

9-13 Sample size, n

14-15 =00 if no transgeneration
=m the number of transgeneration cards (m < 99)

16-17 =00 No variables added to original set after
transgeneration and lags

=N N=q+r. If q equals the number of variables
added to the original set after transgen-
eration (see transgeneration cards) and r
equals the number of variables added to
the original set after lagging, then the
number punched in Cols. 16-17 is q+r

18-20 Number of replacementdeletion cards

21-25 Percent of sum of squares to limit variables
entering in a regression model. Keypunch a
value with a decimal point. The choice of
percentage value for the limiting variable will
depend upon the purpose of the analysis. A
suggested trial value is 1% (0.01). If all
independent variables are to be included in a
regression model, keypunch 0.0

26-27 =00 or blank (no lags desired)
=L number of variables lagged

71-72 =00 no variableformat cards
[standard input data in (12F6.0) format]

=k number of variableformat caras (k < 5)

5/69 3
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2. Lag Cards

Columns Description

1-2 LG

3-4 Variable number to be assigned to this variable
after lag takes place

5-6 Lag factor. Number of periods to be lagged
(< 50)

7-8 Old variable number being lagged

3. Transgeneration Card(s)

The number of transgeneration cards is indicated in Cols.
14-15 of the problem card. The same number of transgenera-
tion cards must appear in the deck as indicated in Cols.
14-15 or the problem card. Different types of transforma-
tions can be performed successively on the same variable, if
desired. Any operation that is performed on one observation
of a given variable is performed on all other observations
of a variable. By using these options, the user can do poly-
nomial fitting and can also do other operations that may be-
come necessary from time to time. Variables are numbered
sequentially, left to right, both original and generated.

Columns Description

1-2 TR

3-4 Variable number to be assigned to this variable
after the operation has taken place. If the

.original data are not to be used, merely re-
assign the original variable number to this
location

5-6 Transgeneration code. See List of Codes and
their restrictions

7-8 Number of variable being transformed

9-14 The identifying number of the second variable
entering into the transgeneration option, OR,
the constant needed, right-adjusted

4. Variable-Name Card(s)

The purpose of Variable-Name Card(s) is to identify the var-

continued
CD
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iables in the output by their names for your convenience.
ALL VARIABLES ARE TO BE NAMED, BOTH ORIGINAL AND GENERATED

0 Columns Description

1-6 Name of 1st variable

7-12 Name of 2nd variable

13-18 Name of 3rd variable

67-72 Name of 12th variable

If there are more than 12 variables, continue keypunching
on the second card in the same manner.

If variables are to be generated, the names of these vari-
ables must also be keypunched in addition to those of the
original variables. The number of cards required is (p+q+r)/12,
rounded up to the nearest integer, i.e., one card for every
12 variables.

If the identification of the variables by their names is not
desired, use blank card(s) [(p+q+r)/12] for this purpose.
Variable-name card(s) must be present.

5. Standard-Scale Card(s)

Since the BMD29 program assumes all input data to be whole
numbers (unless a decimal is punched), it may be necessary
to scale input data in order not to lose significant digits
or to place the decimal point. This is the purpose of the
scale factors. All punched input data are multiplied by 10
to the power equal to the proper scale factor.

Columns Description

1-6 The power
multiplied

of
by

10 that the first variable is

7-12 The power
multiplied

of
by

10 that the second variable is

13-18 The power
multiplied

of
by

10 that the third variable is

5/69 5
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67-72 The power of 10 that the twelfth variable is
multiplied by

If there are more than 12 original variables to be scaled,
continue onto successive cards. SCALING IS DONE ONLY ON OR-
IGINAL VARIABLES. If you do not have any scaling factors,
be sure you put blank cards in the deck for the standard
scale cards. Total number of cards required is the integer
part of (P/12)+1, i.e., one card for every 12 original var-
iables.

6. Standard or Variable-Format Card(s)

The standard input data for the BM1)29 program is 12F6.0. If
your data are to be read by another format, then you need a
variable-format card(s). If a nonzefo number is specified
in Cols. 71-72 of the problem card, the same number of var-
iable-format card(s) must be prepared. In preparing the var-
iable-format card, the word "format" is not used. The de-
sired format expression is enclosed in parentheses and be-
gins in the first column. An example follows.

(12F3.0, F4.0, 11F2.0)

Only Cols. 1-72 of the variable-format card(s) can be used.
If the variable format cannot be completed in Cols. 1-72,
continue in Col. 1 of the next card, etc.

7. Replacement and Deletion Card(s)

The RD card, has a fourfold purpose:

(1) to indicate the replacement of the dependent variable;
(2) to indicate the deletion of variables;
(3) to indicate a replacement and deletion; and
(4) to control the output.

The replacement of a dependent variable and deletion of dif-
ferent sets of variables may be made as many times as desired.
This means that it is possible to make multiple regression
and correlation analyses with selected sets of variables.
The program will retain all the variables, original and gen-
erated, until all RD cards for one problem arc processed.

For multiple regression and correlation, RD card(s) must be
present, and the number of RD card(s) prepared must agree
with the number specified in Cols. 18-20 of the problem card.

continued
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(,* N
If no multiple regression and correlation are desired, no
RD card(s) are necessary.

Columns Description

1-2 RD

3-4 =02 if the table of residuals and analysis of
extreme residuals are desired. If sample
size is large, 02 punch is not recommended

=01 if only the analysis of extreme residt_ls
is desired

=00 if neither one is desired

5-6 A variable to be treated as the next dependent
variable

7-8 Total number of variables to be deleted < 32

9-10 Number of first variable to be deleted

11-12 Number of second variable to be deleted

71-72 Number of 32nd variable to be deleted

The maximum number of variables that can be deleted at one
time is 32. The variables to be deleted must be punched in
ascending numeric order; e.g., if variable 2 and variable 7
are to be deleted, 2 must be punched before 7.

8. Finish Card

1-6 FINISH

Description of Output

If lagged variables are used, these are listed first with the var-
iables lagged, periods lagged and the original variables given,
and a revised sample size due to lagging. If transgeneration is
to occur, the transgeneration cards are listed with the assigned
variable, type of transformation, variable transformed, and second
variable or constant. A simple correlation matrix is then listed
showing correlation between each variable.

r.e additional output includes standard errors of the estimate,
sums of squares, proportions of variance, F values, multiple cor-
relation coefficients, t values, and multiple R values.

5/69 7
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Additiona:, output such as Von Neuman ratio, residuals, and Durbin
Watson ratio are also calculated.

Limitations

Maximum number of variables 59
Maximum sample size 99999
Minimum sample size--two greater than

number of variables
Maximum number of deletions 32
Maximum number of transgeneration cards 99
Maximum number of variables lagged 50
Maximum number of variable format cards 5

Maximum number of periods to be lagged 50

Additional Information

Codes for Transgeneration Cards

Code Transformation Restriction

01 x'= 1/x x > 0
1

02 x'= 1/x+(x+1)2 x > 0

03 x'= logle x > 0

04 x'= ex x 0

05 x'= sin
-1

1/x
A

0 < x < 1

06 x'= sin
-1
[x/(n+1)]2 + sin

-1
[(x+1)/(n+1)]2 0 < x/n < 1

07 x'= l/x x 0

08 x'= x+c

09 x'= x*c

10 x'= xc x > 0

11 x'= xa+ xb

12 x'= xa- xb

13 10= xa * xb

14 xa / xb x
b

0

Example: TO TAKE LOG OF VARIABLE 1 and place in variable 6 slot:

Beginning in column 1: TR060301 (That is all)

continued
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TO TAKE LOG OF VARIABLE 1 and place back in variable 1
slot:

TO TRANSFORM 1, 2, 3, 4,

TR010301

TR010301
TR010302
TR010303
TR010304

Remember, if you are placing variables in another slot, you must
punch any additional variable as an addition in the problem card.

Lagging Variables

This option allows you to lag up to 50 variables for up to 50 per-
iods. All Zagging is done prior to transgeneration. To use this
option, three areas of data input are affected. First, on the
problem card in Cols. 16 and 17, the number of variables added to
the original set must include those added by transgeneration and
by lagging. Second, on the problem card in Cols. 26 and 27, the
number of variables to be lagged (the number of lag cards to fol-
low) must be included. If nc lags are desired, a 00 or blank will
be sufficient. Third, lag cards are necessary (the number of lag
cards must be equal to he number in Cols. 26 and 27 of the prob-
lem card). A typical lag card would be

LG050101

1. LG stands for lag
2. 05= Variable number to be assigned

to this variable after lag
takes place

3. 01= Number of periods to be lagged
4. 01= Original variable being lagged

Included in the output will be a Table, as shown below.

Lagged variable Periods Zagged OriginaZ variable

4 1 1

5 3 1

6 5 2

7 4 3

8 2 2

Only original variables may be lagged. For example,

LG050301
LG060105, is not permitted.

continued
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To accomplish this, the following card setup must be used.

LGO50301
LGO60401

You may lag a variable back into the same location. For example,

LGO10201
LGO20101

will give the desired results
and storing the results in variable
variable 1 into itself.

OriginaZ variable 1

1.1
2.3

of lagging variable 1 by 1 period
2 after the first card lags

New variable 1 New variable 2

1.1
4.8 1.1 2.3
3.5 2.3 4.8
7.6 4.8 3.5
9.4 3.5 7.6
8.7 7.6 9.4
7.1 9.4 8.7
5.8 8.7 7.1

The original sample size is reduced by the maximum number of per-
iods to be lagged to create the effective sample size. This ef-
fective sample size is used in aZZ subpr.oblems.

Job Deck Structure

(System cards)

Job card
LIBRAP1 (BMD29)
LGO.
7-8-9 EOR

(Program control cards)

(a) Problem card for the first problem (required)
(b) Lag card (optional)
(c) Transgeneration card(s) (optional)
(d) Variable-name card(s) (required)
(e) Scale card(s). (required)
(f) Variable-format card(s) (optional)

Data

C:)

continued
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(g) Replacementdeletion card(s) (required if multiple re-
gression and correlation

0 are desired)
0 (h) Finish card

More than one problem can be processed consecutively. Cards (a)
(g) may be repeated as many times as desired. The last card of
the last problem must be a finish card.

6-7-8-9 EOI
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c1

SAMPLE INPUT
c)
CD

CD LUP2671081,7m", cm37300. 4m029

CD On.
CD

P900070300011000000300.00

(F4.046.0,F5.01
144015370007971
136014840007541
124114330007225
W4413830007364
10%5133400066AR
102012830006143
09791P340008742
090611840009377
04P511340005000
079910840004840
072010340004247
Rn0201010,
RP82010101
4n0201
F1N/94

1

000 0012

S/69 13 0
0
0

jg5
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000 0012

SAMPLE OUTPUT

moLTIPLF BE6WESSIoN ANO c3RNELA1TON ANALYSTS NC. 3
Alm() 29 - UCLA MELjCL cFNTER

PRoHLEm NuMmER 000I

NC. OF VARIABLES
SAMPLE SIZE 11

SLIMS
11577.0000U

SLIMS OF SQUAmES

1412400.00000 67942.00000

12760261.00000 184112280000.00000 435714686,00000

MISS PRCOUCT SumS

Row I

1P7A0261.00000 1586008100.00000 74502823,00000

Rcw P

1S2A00810.00000 1144112010000.00000 1493259050000000

RCw 3

74502823.00000 A432590500.00000 435714686,00000

CRcSS pRcDUCTs cF DEVTAT/cNS

Rnw 1

575994.727e 39521300.00000 2996956.27273

ROW P

39521300.00000 2760120000.00000 208837700.00006

RCw 1

2996956.2/273 208837700.00006 16067834,72727

SIMPLE ORRFLATION COEFFICIENTS UNADJUSTED FOR DEGREES OF FREEDOM

ROw 1

loonoo 09119 94513

ROW P

.99119 1.00000 03910

ROw

08513 99167 Ionno

PROBLEM NUMRER 0001
REPLACEMENT AND DELETION 1

DEPENDENT VARIABLE IS Nnw
NUMBER OF VpmIABLES DELETE() I

VARIABLES DELETED... 2

14

.156

continued

5/69
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FoRn8LEN NUMRER 000,
REPLACEMENT AND OFLET11N 2

DEPENDENT v4.414HLE 15 lw 1

NumBER CF VAKIAHLES OLLFTED 1

VAPIABLES DELETED... 3

ANALYSIS OF VARIANCE FOR REGRESS/oN

SCURCF IF VAHIA1IIN D.F. sum cF MEAN
SoUARES SQUARES

TRW TC RvuwEssIcr
DF"IATTON A8CUT REGRESS1CN

TITAL

1

10

"5893.20526
10101.52202

R15994,72721

5658g:4.20526
1122.39134

THF RE cars Alica AKE AccoRAIL rc NI mOkF THAN SIX DECIMAL PLACES
DFSPITF THE POSSIBLE ILLUSION IF 0REATER ACCURACY

EDUCOM

VALUE
504.18529

INTERCEPT (A VALUE) IS -786.06513

VARIARLE mEAN STANDARD REU. sm. ERROR COMPUTED PARTIAL
No. NAME 0FVTATICN CCEF. OF REO.COEF T VALHE oORR' OOEF.
? 16;4.00.00(40 16613.60HRR .01432 .00064 22.45407 .99119

DEPENDrNT
1 1057.454SS R39.Q9890

CCMPARF CHECK OW FINAL rCEFFICIENT .01432

INCRFmENTS ECH ImnEPENDENT VARIARLES CUMHLATIVE RFGRESSIONS

vARIARLE SU4s IF PROP. F VALUE STD. ERROR SUMS OF PROP.VAR. F MULTIPLE
NC. NAME SwieR6S VAR. EACH TERM OF ESTIMATE WARES R S. VALUE R
2 565t,93.cS26 9dR46 5n4.1R529 33.50211 565893.20526 OR246 504.18529 0911v r

isPRnPORTION I V4r4TANCF SP
olFtFn ro LImIt imk144LES

TABLE CF

CRSERVATION Y VALUE

u000uo

RESIDUALS

Y ESTIMATE RESIDUAL
1 1440.1)000n 1414.71738 2508262
2 13t10.0DOOD 1338.82833 21,17167
3 1241.00onn 1265010301 .44.80301
4 1234.u000n 1194.20967 43.79043
5 1055.03001 1124.04799 .69,04799
6 1028.9000D 1051.02248 .4302268
7 979.0000n 980.86110 -1.86110
A 906.00Cnn 90Q.26766 -3.26766
q R2s.oPoon ;07.0421 -120,7421

10 rkc,.youon 766.08076 18.o1924
11 r20.Jocon 04.48732 2S.s120

voN NEDMANN .4A1rn
D001114..WA1SCN CCEFF1C1F,JT

2.5315M
2.30125

RATT F RANuEs Fok ri4F
RATIO oF RANGES r.oH THE

CRTTICAL VALUE CF IIIF

SMALLEST RESIDUAL
LOWEST 8FSIDUAL

ATIO AI ALPHA 2 .10 see

3770
.s17

0
0
0
0
0

16 5/69

158
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000 0012

NJ PRIRLFm NUMRER 000 ,

REPLACEMENT AND DELETInq 3
CD
CD DFPENUFNT vANIAHLE IS Nnw

NumHER IF VAR1AHLES OLLETtn -0
CD
CD

ANALYSIS OF VARIANCE FOR REGRESSION

s D.E.lUkcF CF VAR1ATInN sum oF
50UARES

MEAN F

SQUARES VALUE
DUE TC 144WESSION P q660h026,85 283030.13142 22701776
DEVIATTON ABOUT WFUNESSTCN R 9934.4b443 1241.8080S

TITAL 10 S75994.T2727

THE RESULTS ARCVE AkE ACCURATE Tn Nn mCRF THAN CIA DECIMAL PLACES
DESPITE THE POSSIDLL ILLOSIIN CF GWFATER AcCURACT

INTLRCEPT (A VALUE) IS -69744944n

VARIARLE MEAN STANDARn RFG. STD. ERROR . COMPUTED PARTIAL

NC. NAME DEVIATICN CCEF. OF REG.CIEF. T VALUE CORR. COEF.
P 1d$440.1.00UOU 16613.4014RA .01242 .00521 2.38424 .64463

3 617A54S4S 1267.5B961 02503 .0b824 .3667A .12860

0EPFN0 FNT
1 It5p.4C455 2190498140

cOmPARF CHECK ON FINAL clEFFICIFNT .02503

INCI4FmENIS OR 1mDEPEMOENT VAkIARLES a CUMULATIVE REGRESSIONS

VARIAHLE SIPA CF PRCp. F VALut * STD. EHRCH SUMS OF PWCP.VAR. i MULTIPLE

NI. NAME SNOARES VAN. EACH TFtim * CF ESTIMATE WARES a R SQ. VALUE a
2 541,H43.1n526 9$246 5n4.114529 33.50211
3 1021,ns7b9 0029 .13453 35,23930

PRP.PORTION nP VANTANCE WF-
CIFIFD IC LIMIT VARIARLFS 0.00000

IAHLr nF WESIDUALS

ORSERVATION Y VALlo; V ESTIMATE HFSTDUAL
I 1440.00u1n 1410.467n2 29.32QH
2 1.160.4)0Vnn 1336.10511 23.A94A9
3 le41.U000^ 126302768 22042768
4 123R.Uuunc 1205.282q0 32.71710
5 1055v0Onn 1126.6/99R .710998
6 102m.toon 1050.37241 -22.17241
7 979.00()On 9H0.70509 -1,70Sn9
a 906.vOnnn 90R.19335 -2.19115
9 mi05.U000n 1336.63276 1101327(1

10 045.u0ocq, 763.995R7 2100413
11 /20010000 694.537R3 25.0217

VON NFumANN 04TIC 2.24696
DDRHIN-wATSoN COEFFIC1kNT 2.04269

PATI0 nF RANOES FOR INF, SmALLEST REsInuAL .4814
RATIC 0F RAM0ES E0N THE LARGEST RESIUMAL .131

CRITICAL VALIT OF ImF wATIO AT ALPHA s .10 6417

5/69 17

56589A.20526 98246 504.18529 99119
544060.26285 .943275 227.91778 .99134

continued
es3
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COST ESTIMATE

For the job listed on the Sample Input, the total running time was
4.185 seconds for central-processor time and 48.982 seconds for

CD peripheral-processor time with a memory useage of 37,300 words.
Chargeable computer time was $1.75.

Charge to user = computer time 4. postage and handling 4. network
overhead

= $1.75 4. $15.00 4. network overhead

= $16.75 4. network overhead

CONTENTS--BMD29

pages

1,2 Identification & Abstract
3-11 User Instructions
13-17 I/0

19 Cost--Contents

4/70 19

.180
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

000 0013

Student's T Test

STDNTF1 NUCC018

Vogelback Computing Center,
Northwestern University

Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

STDNTF1 computes 50 T tests between two groups. Such tests com-
pare an appropriate sampling (T) distribution with the normal dis-
tribution. The program also tests for consistency of performance
on all variables within the test. Also, the handling of multiple
jobs is possible. (See STDNTF2, EIN No. 000 0003.)

5/69 1
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000 0013

t,r) USER INSTRUCTIONS

Description of Input

Data consist of the score cards for each group. Variable format
c, may be used.

Cards Columns Contents

1 1 2 Number of jobs to be done
2 1 3 Number of subjects in the first group

4 6 Number of subjects in the second group
7 8 .Total number of variables to be tested

3 1-72 Continuation of format; this card must be
the same

4 1-72 Continuation of format; this card must be
present (even if not needed)
Score cards of the first group, followed
by score cards of the second group; then
header card (card 2 above) for the next
job, then cards 3,4,5,etc. Cards 2-5 (and
on) are to be repeated for each subsequent
job. (If no further jobs are to 1-e done,
simply end with the last score card.)

Description of Output

Only printout is obtained. 1. Means and standard deviations of
the first group. 2. Means and standard deviations of the second
group. 3. Number of degrees of freedom. 4. Variable number and
the value of student's T for the difference between the two group
means for each variable. 5. A table of degrees of freedom and F
ratios, to determine the appropriateness of the assumption of homo-
geneity of variances; T's are computed and printed whether or not
this assumption is rejected. T's are computed using a pooled es-
timate of the variance. 6. The results for the second group.

Job Deck Structure

JOB Card
LIBRARY (STDNTF1)
LGO.
7-8-9 (EOR Card)

Card 1--Number of Jobs
Card 2--Header Card
Cards3,4--Format Cards (two required)

Score Cards for group 1
Score Cards for group 2

6-7-8-9 (EOI Card)

5/69 Ito?,

etc.
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N1
rH SAMPLE INPUT
CD
CD

VLORR,CH
CD LIBRARYISTONTF11
CD LGO.

1 END OF RECORD

5 4 2 1

(2F2.1)

1020
2010
3010
2020
1020
2010
3020
1030
2010

5 4 2 1

(2F2.1)

1010
10

2010
10

20
1020
2020

10
30

5 4 2 I

(2F2.1)

1020
0

20
1030
1020
2030
2020
1010
2930

1

3 3 401
(20F4.0)

2. 1. 5. 7.
_2. 1. I. 5.

3. 2. 5. 6.

8. 8. 8. 8.

5. 5. 5. 5.

4. 4. 4. 4.

'END OF INFORMATION
'END OF INFORMATION

5/69
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000 0013

continued
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000 0013

SAMPLE OUTPUT

GROUP 1 MEANS
1.800

GROUP 2 MEANS
2.000

GROUP I STD. DEve
.748

BROUP 2 STD. DEV.07
NUMBER OF DEGREES OF FRFEDom

VALUES OF STUDENTS T

VARIABLE 1 = -.3600

VARIABLE NOF 1 NUF 7 F RATIO

1 4 3 1.05

GIMP 1 MEANS
1.000

GROUP p MEANS
1.750

GROUP 1 STD. DEV.
.632

GRoUP 2 SID. DEV.
.433

NUMBER OF DEGREES CF FRFEoCm = 7

VALUES OF STUDENTS T

VARIABLE 1

VARIABLE KW 1 NuF F RAT/0
1 4 3 2.00

0
0
0
0
0

5/69
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000 0013

tr) COST ESTIMATE

o
For the job listed on the Sample Input, the total running time was
0.195 seconds of central-processor time and 11.923 seconds of per-
ipheral-processor time. Chargeable computer time was $1.00 (North-
western University minimum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS STDNTF1

pages

1 Identification & Abstract
3 User Instructions

5,6 I/0
7 CostContents

4/70
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

000 0014

Northwestern University Correlation Anal-
ysis, Version 1

NUCORR1 NUCC070

Voge1back Computing Center,
Northwestern University

Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

NUCORR1 may be used to compute sums, sums of squares, crossproducts,

means, standard deviations, and all or any desired section of the
correlation matrix. There is also the capability of classifying
data into groups on the basis of a single property.

NUCORR1 uses a maximum-likelihood estimator that deals with the
principle of point estimates. This method is quite consistent and,
for large numbers of samples, very efficient and hightly accurate.
The basis concept of point estimation is the consideration of every
possible value of the parameter and the calculation of the proba-
bility that that particular sample would occur in the normal dis-
tribution if it were the true value of the parameter. NUCORR1 also
serves as an asymptotic estimator in that, as the size of the sam-
ple increases, the parameter will approach a limit (defined by the
preceding values).

5/69
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000 0014

IZt

USER INSTRUCTIONS
0

Description of Input Data

0 TITLE1 Card (required)

Columns Contents

1 6 TITLE1

7-72 Alphanumeric information that is written
as the top line of every page of results.
Each new TITLE1 card replaces the last
TITLE1 card

ONEWAVBEGIN*, ONEWAVFINISH CARDS (used only if one-way analysis
of variance is desired)

Columns Contents

1 6 ONEWAV

7-12 BEGIN* at beginning of first group being
tested for one-way analysis of variance,
and

FINISH at end of last group being tested

SETUP Card (required)

Parameter Columns Contents

1 6 SETUP*

7-12 Problem number

KINDPR 13 Value indicates which process is to be per-
formed on subsequent data

1: read and accumlate sums and sums of
squares for the group and compute and
write means and standard deviations
for each variable; may be used with
missing-data options 1 or

2: perform computations of option 1, plus
sums of crossproducts and simple cor-
relations. Each correlation (with
related statistics) will be written
on one line. Columns 20-40 of this
card must be completed in detail; may

5/69 3
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Parameter Columns Contents

be used if "odd-shaped" section of cor-
relation matrix is desired or MDATSW=
1 or 2. A correlation T test is given

3: compute sums of crossproducts and simple
correlations as matrices by rows in sec-
tions. Ignore Cols. 20-40; may not be
used with the missing-data options 1
or 2

4: compute as in option 3, except sums of
crossproducts matrix are not to be writ-
ten out; may not be used with the mis-
sing-data options 1 or 2

MDATSW 14 "Missing-data switch"

0: no missing data exist. All data vec-
tors containing missing-data codes are
ignored. Actual M will again be the
same for all variables but, in general,
not equal to the number of observations.

2: missing data exist. However, only val-
id scores from incomplete data vectors
are salvaged. Each correlation is com-
puted with only those observations that
have valid scores for both variables
involved.

KDARR 15 Data arrangement

0: alphanumeric identification is first,
followed by variables

1: variables are followed by alphanumeric
identification

Note: Every observation of the set of var-
iables must have some identification, and
this information must be read by the var-
iable-format statement, using the A speci-
fication. This identification is not in-
cluded in the count of the number of var-
iables.

continued
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16 Value of variance bias 0 or I subtracted
from N in denominator of variance (usually
1)

NVARRD 17-19 Number of variables to be read in each data
vector, excluding the identification; num-
ber must be < 200. If analysis of variance
is desired, the number must be < 100. If
KINDPR=2, then the maximum value of NVARRD
may be computed so that the maximum number
of correlations is s. 2500

If KINDPR 2, Cols. 20-34 may be left blank. If KINDPR = 2,
Cols. 20-34 must be filled in completely and will be used by theprogram to determine the pattern of output. See Example on page9for an illustration. For the "normal" case, which corresponds tosection A (or Run 1) ofthe example, the usual values are NTR =LCTR = 1, LCOL = LRSFC = NVARRD, and JST = KST = KFS = 1.

Parameter Columns Contents

NTR 20-22 Number of first variable to be correlated
with variable I (usually equal to 1)

LCOL 23-25 Number of last variable to be correlated
with NVARRD (usually equal to NVARRD)

LCTR 26-28 Last column in top row. Number of last
variable to be correlated with NTR (equal
to 1 for triangular-shaped sections)

LRSFC 29-31 Last variable to be correlated with vari-
able I (usually equal to NVARRD)

JST 32-34 Increment by which to step row subscript
(usually 1)

KST 35-37 Increment by which to step column subscript
(usually 1)

KFS 38-40 Increment by which to step last and/or
first column subscript (at elast 1;

41-42 =0 if input from cards
=tape numbvr if input is from data tape

VNAME Cards (1 card required for each variable)
The VariableName Card is used to identify variables in the out-put. Each VariableName Card will identify the variable that cor-

continued
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responds with it in order of variable input i.e., nth card identi-
fies nth variable. The set of VNAME cards is followed by a blank
card to signal end of name cards.

The Variable-Name Card is in the following format.

Columns Contents

1 6 VNAME*

7-24 Alphanumeric identification of variable

25 Missing-data process code (see below)

26-37 Exclusion code (punch a decimal point!)

Note: (a) if no identification is desired,
Cols. 7-24 must be blank.

(b) MDATSW = 2 is an indication that the
missing-data codes (see below) are to be
used. (Then, if, e.g., only blanks in the
data are to be omitted, put an 8 in Col.
25 and nothing in Cols. 26-37.)

Missing-Data-Process Codes for VNAME* Cards

0 (or blank): No missing data

1: omit scores = 0

2: omit scores < 0

3: omit scores < 0

4: omit scores exclusion code

5:

6:

7:

8: omit scores that are all blank only

9: omit scores as for 8 or 4 above

omit scores as for 1 or 4 above

omit scores as for 2 or 4 above

omit scores as for 3 or 4 above

(Note: A blank variable score is entered into the machine as 0)

6 170
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Variable-Format Card
CD

o Columns Contents
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1 6 FMTDAT

7-72 Variable format including parentheses.
If more than one Variable-Format Card is
needed, the format statement can be con-
tinued on up to 9 additional cards. The
FMTDAT should be repeated in Cols. 1-6 on
all continuation cards. The format must
be E or F fields, except for the ID, which
is A format. A blank card must follow the
set of Variable-Format Cards.

End-of-Group Card

This card signals the end of a group of data. The program prints
out the results for the data that it has processed and proceeds to
the next group of data.

Columns Contents

1 6 ENDGRP

7-72 Alphanumeric information printed as sec-
ond line on each page of output

Preparation of the Data Deck

The data input should correspond to the Variable-Format Card. The
field width of each variable and the order of variables must remain
fixed for all observations. Start a new card for the second and
each subsequent case (set of observations).

Description of Output

The output includes the number of variables, the kind of process,
the variance bias, and the missing-data switch option used. Each
variable is listed with the number of observations for that vari-
able and the means, standard deviation, standard error, variance,
sum of squares, and sums of the observations for each variable.

In addition to this, correlation coefficients, the numerator of co-
variance, intercept on J axis, correlated T test, standard devia-
tions, and means are calculated between variables.

5/69 7
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Limitations

1. Number of variables (M) may be up to 200 for process 1 (see
below)

2. M 100 if analysis of variance or correlations are desired

3. M < 50 variables if missing data are opted

4. Maximum number of correlations = 2500

5. Number of observations (per group) 999

Job Deck Structure

Job Card

LIBRARY (NUCORR1)

LGO.

7-8-9 (EOR Card)

I. Analysis of Variance desired:

ONEWAVBEGIN* (only in first group of data being test-
ed for analysis of variance)

TITLE1 card

SETUP* card

Variable-Name Card(s)

Blank card (see Variable-Name Card section)

FMTDAT card(s)

Blank card (see FMTDAT section)

Data Input Cards for first group. (see Preparation
of the Data Deck)

Blank set of Data Cards (one set of observations)

End-of-Group Card

ONEWAVFINISH card (only in last group of data being
tested for analysis of variance)

1-1
8

.172
,

Repeat
through
last
group
of data

continued
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II. Analysis of Variance not desired:
CD
CD TITLE1 card
c.

SETUP* card
CD

VNAME* card

Blank card (see VNAME* card section)

FMTDAT card(s)

Blank card (see FMTDAT section)

Data Input cards (see Preparation of the Data
Deck)

blank set of data cards (one set of obseivations)
(see Preparation of the Data Deck)

ENDGRP card

6-7-8-9 (EOI card)

Example

If KINDPT = 2, it is possible to get correlations and related sta-
tistics for large numbers of variables by dividing the total out-
put into two or more runs. The numbers in Cols. 20-40 determine
the pattern of output for each run. For example, if results are

desired for 120 variables, the correlation matrix
may be thought of as divided in the following way.

For the first run (Sec. A), the to-
tal number of correlations is
1 + 2 + 3 + + 70 = 70X71/2 = 2485.

The square section (B) might be the
output of the second run. Here, the

70
total number of correlations would

7 1
be 2500.

The third run could be Sec. C = Cl
and C2, in which case the total num-
ber of correlations would be

120

5/69 9
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CI

C2

=

=

50*20

50

E i

i=1

= 1000

= 50*51/2 = 1275

Total for C = 2275

continued g
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CD

Columns 17-40 of the SETUP* cards for these runs would be as follows. 2

Cards

NVARRD
NTR
LCOL
LCTR
LRSFC
JST
KST
KFS

For Run 1,

Columns

17-19
20-22
23-25
26-28
29-31
32-34
35-37
38-40

variables

Run 1 Run 2 Run 3

70 100 70
1 51 21

70 50 70
1 50 21

70 100 70
1 1 1

1 1 1

1 1 1

1-70 of the data are needed.

In Run 2, the variables needed are numbers 1-50 and 71-120, or a
total of 100 variables to read. (The variable format should in-
dicate that variables 51-70 are to be skipped.) Note that the
numbering of variables is relative to those actually used; i.e.,
variable 71 is renumbered as variable 51, 72 as 52, etc. If de-
sired, the variable numbers may be punched on the Variable-Name
Cards so that the original numbers will appear on the output along
with the number relative to this run.

In Run 3, the variables needed are numbers 51-120, or a total of
70. In this case, variable 51 is 1 relative to Sec. C. Therefore,
NTR = 21, relative to the beginning of Sec. C and LCTR = 20.

CZ)

CZ)

CZ)

CZ)

CZ)

10
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SAMPLE INPUTc)
c)

VLORR,CH 1CM61700. KUC0RR1
C) LTaRARY(NUCORR1)
C) Lnn,
C) TTTLE1 TEST nF SOME GARBAGE DATA

SETUR4100000522010050010050010050010010C
VNANE4IGAR1
VNANE*GAR2
VNAME*GAR3
VNAMPA64R4
VNAME*GARS

FaTDAT(A6,5F6.11

a

8

8
8

00250 00025 02500 00150 00034 00064
0n350 00022 02200 00043 00041 00082
00175 00009 00130 00180 000fli 00023
n0300 00023 02300 00200 00033 00064
n0200 00010 00060 00330 00013 00016
nn550 00007 0014n 00340 00016 00012
00600 00006 00080 00500 00011 00027
00130 00008 00270 00150 00019 00048
00500 00018 00360 00180 Oboe 10050
00500 00003 00100 00140 00014 04012
00300 00008 00270 00100 00025 0013
n0200 00006 00300 00150 00021 00020
00200 00008 00100 00250 00018 00023
00100 00022 02200 00110 00046 00118
00400 00013 n1300 00280 00017 00050

4200 00025 02500 00100 00035 00150
00400 00009 00075 00190 00017 00023
00300 00007 00350 00260 00012 00042
WOO 00020 02000 00220 00010 00072
00600 00012 00400 00120 00020 00036
00800 00026 00160 00110 00035 00056
00150 00015 00300 00160 00029 00036
00700 00010 00090 01000 00012 00026
woo o00213 02800 00420 00040 00108
00200 00034 03400 00090 00042 00106
n0600 00004 00060 00360 00011 00016
00300 00018 00160 00110 00032 00012
00600 00003 00040 00130 00015 00007
00600 00014 00090 00070 00029 00028
00180 00012 00240 00150 00021 00025
00500 00012 00200 00410 00016 00014
00180 00024 02400 00110 00038 00106
00600 00010 00500 00100 00026 00032

1 1.0 4.0
2 2.0 5.0 6 0
3 8.0 3. 0 7.0
4 8.2 7.6 g ,4 9.7

000 0014
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COST ESTIMATE
0
0 For the job listed on the Sample Input, the total running time was

0 1.21 seconds for central-processor time and 28.412 seconds for
0
0 peripheral-processor time with a memory useage of 61,700 words.

Chargeable computer time was $1.00 (Northwestern University mini-

mum job charge).

Charge to user = computer time + postage and handling + network

overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS NUCORR1

pages

1 Identification & Abstract
3-10 User Instructions

11-12 I/0
13 Cost--Contents
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DESCRIPTIVE TITLE Upper- and Lower-Case Greek and Roman

Ln Alphabetic Plotting
o-1

CALLING NAME SCRIPT

INSTALLATION NAME University of Notre Dame
Computing Center

AUTHOR(S) AND Nicholas DiCianni
AFFILIATION(S)

LANGUAGE FORTRAN

COMPUTER UNIVAC 1107

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT Leonard Kilian
Elizabeth Hutcheson

Computing Center
University of Notre Dame

FUNCTIONAL ABSTRACT

The SCRIPT subroutine provides useful and flexible character sets

for the CalComp plotter. Two fonts are available, Roman and

Greek, each in upper and lower case. Special Control Characters
allow the user to change case or font and permit backspacing,
superscripting, and subscripting. The routine also provides for
plotting at angles. Italics may be specified also.
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Ln

USER INSTRUCTIONS

Description of Input

CALL SCRIPT (X0,YO,HO,THETA,BETA,ADS,NC)

Name

SCRIPT

X0

YO

HO

Form

subroutine

real

real

real

THETA real

EDUCATIONAL INFORMATION NETWORK

000 0015

Contents

X coordinate of the start of the plot

Y coo ainate of the start of the plot

Height (in inches) of the character
string to be plotted

Angle (in degrees) with respect to the
X axis for plotting the characters

= 0: parallel to X axis

= 90.0: perpendicular to X axis

BETA real Angle (in dRgrees) that will produce
italics (22' recommended)

ADS alphanumeric Number of characters in the string,
followed by an H, followed by the string
of Control and Plot Characters, Hol-
lerith expression

Number of characters in the string,
including blanks and Control Charac-
ters

NC integers

Control Characters

The characters to be plotted are interspersed with approprinte
Control Chayacters, forming a string of meaningful instructions.
The special Control Characters are

Card ControZ Reference Code Use

2-8 4 Change case
12-7-8 Change font
0-5-8 Plot a character as a

superscript
0-6-8 Plot a character as a

subscript
11-6-8 4- Backspace
0-7-8 Lock
11-0 It Unlock

5/70 3
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The SCRIPT subroutine assumes that characters are to be plotted as
lower-case Roman. It functions similar to a typewriter with res-
pect to shifts and locks. A shift applies to only the next plot-
able character. A lock, occurring after a shift, will hold the
Control Character in effect until an unlock occurs.

Examples

Character String Result

AD
141) 6

6D A

4CAL4COMP CalComp
AL=a,A+B-Cu X=a+e.-y
4L=AA+B-C

The 0-5-8, and 0-6-8 control codes specify super- and sub-scripting.
The next noncontrol character will be plotted one-half the height
of the scripted character. A lock may be used with super- and sub-
scripted characters to provide multiple characters at the same level.
Note also that, by the use of the lock, multiple levels of sub- and
super-scripting may be obtained.

Examples

Character String Result

4At2 A23
A tt2f3it A2

6 A +2 A2

4 A +t2 .1, 3u A2
3

4 A 4tB 2u Ab 2

The backspace Control Character causes the next character to be
plotted with the same X coordinate as the previous plotted
character. If an unlock appears before the backspace, the next
character will have the X coordinate of the first character
following the lock that precedes the unlock. If multiple un-
locks precede the backspace, the X coordinate corresponding to
the appropriate lock command will be used.

Examples

Character String

0+24-4,3

4

Result

Ai

180
SI

continued

5/70
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Character String

6Atkcdu+43

zAttcdtkefu4+2u4+i

Result
Acd
m3

Aef
cu2

A.
1

The subroutine automatically controls spacing between characters.
Since all characters do not take the same amount of space, it is
difficult, if not impossible, for the user to compute the length
of the resulting plot. For this reason, if it is desirable to
compute the length of the plot (for example, to center the line),
a call of SCRIPT with NC negative will cause the plotted string
length to be returned in XO. No plot will be produced. The
proper initial X coordinate may then be calculated and SCRIPT
called with the appropriate X0 and NC positive.

The complete character set is reproduced below (reduced 60%).
Character codes not containing characters represent the various
Control Characters.

Card Code 7
8

12
5
8

11

5
8

12
7
8

SCRIPT CHARACTER SET

11 12 12 12 12 12 12 12 12 12 11 11 11 11 11 11

7 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6
8

Octal 00 01 02 03 04 05 06 07 10 II 12 13 14 15 16 17 20 21 22 23 24

Decimal 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

Printer ABCDEFGHI J KLMNO
Font 1 Lower = { } a .bcdefghl jklmno
Font 1 Upper * [ ] ABCDEFGH] JKLMNO
Font 2 Lower = 1 -, s aRrScOvt7 c 14)ky2/o

Font 2 Upper I ..- ABF AE OA HI E.KAMNO Lr)
I-I

5/70
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Card Code 11

7

Octal 25

Decimal 21

Printer

SCRIPT CHARACTER SET

11

8
11

9
0
2

0
3

0
4

0
5

0
6

0
7

0
8

0
9

12

4
11 12 12

6
3
8

6
8

2
8

11

3
8

11

4
8

26 27 30 31 32 33 34 35 36 37 40 41 42 43 44 45 46 47 50

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

0
4
8

51

41

P TUV WX Y ) + < $ C

Font 1 Lower pqr s t uvwxyz) +<.> $ CNe

Ne C

ut C

Font 1 U p p e r

Font 2 Lower

Font 2 Upper

P Q R S T U V W X Y Z D

X 0 p a r v ri cgi x 0 C )

IT 9 P ET Tu Q X \V Z )

_. + <

+ <

+ <

=

=

=

>

>

>

$

.

SCRIPT CHARACTER SET

Card Code 0 5 12 11 0 0 0 1 2 3 4 5 6 7 8 9 4 11 0 12 0
5 8 0 0 3 6 8 6 1 3 7
8 88 8 8.8

Octal 52 53 54 55 56 57 60 61 62 63 64 65 66 67 70 71 72 73 74 75 76

Decimal 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62

Printer : 0 1 2 3 4 5 6 7 8 9 ' / .

Font 1 Lower I 7 0 0 1 2 3 4 5 6 7 8 9 ' / .

Font 1 Upper I 1 0 1 2 3 4 5 6 7 8 9 '' / .

Font 2 Lower c 0 1 2 3 4 5 6 7 8 9 v / 1

Font 2 Upper n - Do o I * % 11 .. ± x I . +

5 / 7 0
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SAMPLE INPUT

CALL SCRIPT (1., 9.,

CALL SCRIPT (1., 7.,

CALL SCRIPT (1., 6.,

CALL SCRIPT (1., 5.,

INTEGER IN(8)

.2,

.15,

.15,

.25,

1 FORMAT (8A6)

X = 1.
Y = 4.
H = .2
DY = .3

000 0015

0., 0., 33H4tI11-JSTRATION FOR SCRIPT ROUTINE, 33)

30., 0., 26HA4N+2u = AaN+lu + A4N+t2, 26)

0., 25., 30H4ITALICS MAY ALSO BE SPECIFIED, 30)

0., 0., 24H0L = 6A4A + 04B + 6C4C, 24)

CALL SCRIPT (X, Y-DY, H+DY, 0., 0., 2H4N, 2)

CALL SCRIPT (X+.05, Y-DY, H+DY, 0., 0., 21-14N, 2)

DO 10 I = 1,9

READ 1, IN

CALL SCRIPT (X, Y, H, 0., 0., IN, 48)
mo"

10 Y = Y DY

DATA CARDS

OT UNTIL A MACHINE CAN WRITE A SON-
NET OR COMPOSE A CONCERTO BECAUSE OF

THOUGHTS AND EMOTIONS FELT, AND NOT BY THE
CHANCE FALL OF SYMBOLS, COULD WE AGREE
THAT MACHINE EQUALS BRAINS - THAT IS, NOT
ONLY WRITE IT BUT KNOW THAT IT HAD WRITTEN
IT.

5/70

4tGEOFFREY JEFFERSON
4LISTER 4ORATION FOR 1949

ig3

This part of
the example
is a portion
of a FORTRAN
program that
uses SCRIPT.

Ul

CD
CD
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SAMPLE OUTPUT

ILLUSTRATION FOR SCRIPT ROUTINE

ENO%

fiellos may e/so be specified

A = cxA + )6B + 7

mot until a machine can write a son-
.111net or compose a concerto because of
thoughts and emotions felt, and not by the
chance fell of symbols, could we agree
that machine equals brains - that is, not
only write it but know that it had written
it.

5/70

GEOFFREY JEFFERSON
Lister Oration for 1949
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COST ESTIMATE

For the job listed on the Sample Input, the total running time on
Ln
H the Central Computer was 1 minute 20 seconds (@ $8/minute) . This
0 includes searching the library tape, bringing in SCRIPT, and com-0

piling the FORTRAN program. (Time from end of allocation to run00 termination was 41 seconds.) There is no additional charge for
plotter time.0

Charge to user = computer time + postage and handling + network
overhead

= $10.67 + $10.00 + network overhead

= $20.67 + network overhead

CONTENTS SCRIPT

pages
1 Identification & Abstract

3 6 User Instructions
7-8 I/0

9 Cost--Contents



EDUCOM

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT
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Automatic Interaction Detector

AiD NUCC113

Vogelback Computing Center,
Northwestern University

J. Sonquist
The University of Michigan

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road
Evanston, Ill. 60201
Tel.: (312) 492-3682

AID was originally programmed for the IBM 7090 in the MAD lan-
guage at The University of Michigan. A detailed discussion of
the theory, methods, and control parameters of the program are
contained in Ref. 1. Since 1964, two parameters have been added
to the main-parameter card.

AID is focused on a particular kind of data-analysis problem,
characteristic of many social-science research situations, in
which the purpose of the analysis involves more thqn the reporting
of descriptive statistics but may not necessarily involve the
exact testing of specific hypotheses. In this type of situations
the problem is often one of determining which of the variables,
for which data have been collected, are related to the phenonmenon
in question, under what conditions, and through what intervening
processes, with appropriate controls for spuriousness.

AID is useful in studying the interrelationships among a set of
up to 37 variables. Regarding one of the variables as a depend-
ent variable, the analysis employs a nonsymmetrical branching
process, based on variance-analysis techniques, to subdivide the
sample into a series of subgroups that maximizes one's ability to
predict values of the dependent variable. Linearity and additivity

6/69
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assumptions inherent in conventional multiple-regression techniques

are not required. AID will handle variables that are only nominal

scales, i.e., mere classifications.

REFERENCES

1. Morgan, J.N., and Sonquist, J.A., "The Detection of Inter-

action Effects: A Report on a Computer Program for the

Selection of Optimal Combinations of Explanatory Variables,"
Univ. Mich. Inst. Soc. Res. Survey Res. Ctr. Monograph

No. 35 (1964); copies may be obtained from the EIN office
for the cost of duplication and mailing,

000
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,40

USER INSTRUCTIONS

Description of Input Data

It is assumed that the data have been punched on cards,one or more
cal-ds per observation. Original input may not be a data tape.
Input data may be punched anywhere on the card except in Col. 1.
Column 1 of the data cards may contain any legal character except

an alphanumeric E. A legal character is defined as any punching
pattern obtainable from a single depression of a key on a key-
punch.

Since several analyses may be performed during one machine run, it
is desirable to list the types of variables that may be entered
into the computer. Each analysis may use its own subset of the

variables.

Variables entered into the computer are of five types:

(1) identifiers
(2) sample subset selectors (filters)
(3) predictors
(4) dependent variables
(5) weights

With the exception of identifiers, any variable may be used for
types (2)(5), provided that it meets the restrictions made by
the program on the values that a variable may legally assume.

The only restriction on where variables may be placed on the data
cards is that no variable to be used in an analysis may be punched

in CoZ. 1.

All input variables, except those which are to be used as identi-
fiers, are supplied to the program in integer mode. Variables to
be used as identifiers must be supplied to the program in character

(BCD) mode.

Program Control Cards

Label Card--Type 1 Card

Columns

1 I (required)

2-79 Alphanumeric identification. If card residuals
are requested, place the project identifier

continued q,

6/69 3
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starting in Col. 2 of this card, followed by a
deck-identification number. The contents of
Cols. 2-13 of this card will be punched into the
card residual output from this analysis. All
BCD characters are legal project and deck identi-
fiers. The entire contents of Cols. 2-79 will be
printed on the output statistics. If this run is
a subset of the sample--i.e., a partial data deck
has been entered into the computer--this informa-
tion should be punched on the label card some-
where after Col. 13.

Main-Parameter Card--Type 2 Card. All parameters are punched right-
adjusted.

Columns

1

5

6

2 (required)

0 or blank for an abbreviated form of output
1: full printcut

Number of variable-format cards

7 C if input data are on cards and are not to be
saved on tape. W if Input data are on cards and
are to be written on binary tape and saved for
subsequent analysis. T if the input are already
on binary tape as the result of a previous run

10-13 Number of observations (cases)

17-19 The total number of all input variables including
identifiers, predictors, sample subgroup selec-
tion variables, dependent variables, and weight(s)
AND when Col. 7 is T this includes residuals
left on tape from any previous analyses performed
on this run. Take all the variables to be used
in all analyses and assign integers to them,
starting with the leftmost variable on the first
(merged) data deck as variable number 1. The
last field number on the last merged deck is

variable NV. The first residual placed on tape
is numbered one larger than this; the second re-
sidual is numbered two larger than thil. Subse-
quent values of NV for succeeding runs must be
increased by the appropriate amount.
Range (2 < NV < 100).

continued

4 6/69
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Secondar Parameter Card--Type 3 Card

Columns

1 3 (required)

EDUCATIONAL INFORMATION NETWORK
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6 7 Number of predictor variables to be used (NP)

Restriction: 1 < NP < 36

Index number of variable to be used as weight (WT)

Restriction: 0 < WT < NV
000 Run will be aweiihted

P1--this is the proportion of the total sum of
squares that must be contained in any group if
that group is to become a candidate fcr splitting.
2% has been found to work reasonably well, e.g.,
punch the proportion .020. Note that the decimal
point is punched in the field. Other values may
be punched at the user's option. The range is
.00001 < P1 < 1.0

11-13

14-19

20-25

26-28

29-31

.

P2--the best split on the i
th candidate group

must reduce the unexplained sum of squares by P2
proportion of the total sum of squares or that
group will not be split, and it will not become

a candidate group again even though it may meet
the P1 requirement above. The range is 0 < P2 < Pl.
The decimal point is punched in this field as

above. The proportion .0060 has been found to
work well with samples of 1500-3000. Other values

may be punched at the user's option

MAXGP--the maximum allowable number of final
groups into which the input data may be split,

regardless of P1 or P2. Thus, the splitting
process will always stop when the sample has been
divided into MAXGP number of unsplit subgroups.
MAXGP may not be larger than 63, i.e., 62 splits,
125 groups in all. Fifty has been found to be a
satisfactory maximum number of splits. The range

is 1 < MAXGP < 63

MSIZE--minimum number of observations that must be
contained in a group if that group is to become a
candidate for splitting. Its purpose is to prevent
small groups with somewhat unstable means from
being further split, since the splits are likely
to be heavily influenced by saMpling errors.
Normally, MSIZE should not be smaller than 25.
Range 001 < MSIZE < 999

continued
e--4

C:)
C:)

0
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35-37 This is the index number of the variable to be
used as the dependent variable (right-adjusted).
For example, if the dependent variable is the 14th c)

variable, punch 014. No variable to be used as a
dependent variable may have a vaZue Zarger than cz\

999,999 or less than 99999 before scaling
t) 38-49 Name of independent variable

50-80 Contain various optional parameter

Predictor/List CardsType 4 Cards

Use only as many PL cards as are needed. Values of all variables
must be in the range 0 < Xi < 63. The maximum number of preditors
is 36 (maximum number or predictor cards is 9). Each predictor-
list card contains 4 fields, 1/predictor. The last predictor card
may contain only as many fields as needed.

Columns

,1 4 (required)

Predictor #1:

3- 5 Variable number

7 Type of predictor M (monotonic) or F (free); M if
the predictor code ordering for that predictor is
to be maintained during the partition scan; F if
the categories of that predictorare tg be sorted
into descending sequence on their means

9-20 Alphanumeric name

Predictor #2:

22-24 Variable number

26 Type M or F

28-39 Name

Predictor #3:

41-43 Variable number

45 Type M or F

47-58 Name

continued

CD
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.0 Predictor #4:
,-1

o
o 60-62 Variable number
o 64 Type M or Fo
o

66-77 Name

If more than four predictors, go on to a second card. Column 1
must be punched 4, then repeat above.

Sample Predictor-List Card

(for 2 predictors) cc 1 3-5 7 9 22-24 26 28

4 002 F POLYARCHY 003 F ELISIST

Variable-Format Card(s)

FORTRAN-type format. All data fields must be integer (I) mode
except identifier fields, which may be A format.

Example. Data cards are punched

Variable Column

1 5

2 6

3 7

4 8

5 9-12
6 13-14

(Identifier) 7 15-80

Format card would read (Al, 3X, 411, 14, 12, 60X, AG)

Note: The Al must be included (program requirements). Remember
that data must not be punched in Col. 1. Also remember that the
identifier field is included in the number of variables.

Description of Output

ged paragraphs in the following indicate that this is included

,
in tlik abbreviated printout when Col. 5 of the main-parameter card
is punt4ed--

\,
For each ana4ysis:

* 1. An identifying label

6/69 7
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* 2. Number of input observations, number of input variables,
number of predictors, index of the variable used as a weight,
group split-eligibility criterion, group split-reducibility
criterion, minimum group size, maximum number of allowable
groups, index and name of the dependent variable, a defini-
tion of missing-data values of the dependent variable that
were used in deleting such observations, decimal-point
locators (scale factors), location of input data, and a
definition of which subset, if any, of the input observa-
tions were specified for use in the analysis

* 3. A listing of all of the predictors used in the analysis,
their maximum values, and the type of predictor (free or
monotonic)

* 4. Statistics for the total number of observations in the analy-
sis, including total read, total deleted, total used, and,
for the latter, the total sum of weights, sum and sum of
squares of the dependent variable, its mean and standard
deviation, the total sum of squares (TSS) for the analysis,
and the two values PA and PB--i.e., the sum of squares that
must be contained in a group if it is to be split and the
sum of squares that must be transferred from within- to
between-group sums of squares for a split to take place

5. a. A record of the statistics for all attempted partitions
of the entire sample (group 1), over all classes of all
predictors

b. These statistics include, for each class, the number of
observations, the sum of the weights, EY, EY2, Y, a,
and the MSikp for each possible partition between adja-
cent classes, and the total sum of squares in the group
under attempted partitioning

Final output for each analysis consists of:

* 1. A complete definition of each group created during the par-
titioning process , including the group identification
number, the identification of the parent group from which
it was split, identification of the variable used to split
off this group, the classes of the partitioning variable
forming the group, and an indication whether the group was
retained as a final group; for the group, the statistics,
N, Ew, Y, EY, a, EY2, deviation of the group mean from the
grand mean, weighted proportion of the total observations
used that are in the group, weighted mean square for the
group, the proportion of the total sum of squares in the
group, and the sum of squares for the group

cp
cp continued
cp
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* 2. A one-way analysis-of-variance table over the final groups.
0 This should be interpreted with extreme caution, especially
0 when weighted data are used
0
0
0 3. By option, residuals (discrepancies between observed and

predicted values of the dependent variable) may be punched
or written on tape, or both, for subsequent analysis. Punched
output includes identifying information supplied by the user,
the observation number, the identification number of the
AID final group into which the observation fell, the pre-
dicted value for the observation, its actual value on the
dependent variable, and the residual score. Scale factors
punched on the control cards provide for the desired number
of significant digits in the residuals

If Col. 5 is blank or 0, printout of intermediate results, item 5
is partially omitted.

Program Size Limitations

Maximum number of input variables is 100

Maximum number of dependent variables for any one analysis is 1

Maximum number of predictor variables for any one analysis is 36

Maximum allowable number of groups into which the input observa-
tions may be split is 63

Range of any predictor 0 < VP < 63

Range that may be legally taken on by the dependent variable before
scaling -99999 < V

Y
< 999999

Range that may be legally taken on by the weight associated with
any given observation 0 < Vw < 9999

Range that may be legally taken on by any variable used as a sample
selector -99999 < V

f
< 999999

Maximum number of variable-format cards is 9

Minimum number of observations that must be contained in the ith
group if that group is to become a candidate for splitting
2 < N. < 999

Maximum number of input observations:

Storage requirements are such that, for any problem to be
entered into AID, the amount of storage per observation
(3-8 words) times the number of observations must be less

6/69
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than 18 000. Maximum sample sizes for all possible numbers
of predictors are listed below. Determine which category
the problem falls into, based on the number of predictors.
The second line gives the maximum sample size.

No. of predictors
(NP) in any one
analysis

Max. permissible
no. of observa-
tions in analy-
sis

(a) (b)

Category

(c) (e) (f)

1-6 7-12 13-18 19-24 25-30 30-36

6666 5000 4000 3333 2857 2500

If a problem is too large, either the number of input observations
must be cut down or the number of predictors must be reduced enough
to put it into a different category. For instance, a problem with
12 predictors and a given sample size takes up as much space as one
with seven prelictors and the same sample size, since both fall
into category (b).

Job Deck Structure

Job card (CM = 77600)
LIBRARY (AID)
LGO.
7-8-9 (EOR card)

Label card--Type 1 Card
Main-parameter card--Type 2 Card
Secondary-parameter card--Type 3 Card
Predictor-list card(s)--Type 4 Card(s)
Variable-format card(s)
DATAFOLLOWS (punched in Cols. 1-11)

(Data deck follows here)
(after last card of data deck) punched in Col 1.
If an observation (or case) requires more than 1 card,
then blank cards equalling the # of cards/observation
must follow the E card

Example 1 Data on 1 card/observation use E card only.
Example 2 Data on 3 cards/observation use E card.

plus 2 blank cards.
6-7-8-9 (EOI card)

6/69



EDUCOM

SAMPLE INPUT

LIBRARY(AID)

LGO.

7-8-9( End of Record )

Label 1 POLITICAL SYSTEMS VARIABLES ONLY

Main Para. 2 11C 0049 7

2nd Para. 3 5 000.0000-00810035003 00IGENERAL CONF

Predictor 4 002 F ROLYARCHY 003 F ELISIST 004 F CENTRIST 005 f PERSON

List Cards 4 006 F TRADITIONAL
Format (A102X,14,33X,511/2X/A3)

DATAFOLLOWS
1 83 3111132111231112231321122

Obs, 1 11

ARG
2 88 3111132111321131231331112

12

ATR
3 53 3122132121221221231231112

11

AST
4 85 3132132111321131221331112
12

BLG
5 78 2113223121131123231121122

11

BRZ
6 -180 2222211233313313113111212

11

BUL

7 90 3112132111321131231331112
12

CAN

49 -135 2222212233233313233111212

Obs. 49 11

YUG

E Card E

2 blank
cards

6-7-8-9 (End of Information)

6/69 11
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sTFP NO. = 1 PARENT GROUP I

TPY ON vAPIAbLE 2 OVER GROUP I RESULTS FOLLOW.

CODE

3 19

2 14

1 16

Sum oF WEIGHT

Y.90000000E.01

1.400(10000E+01

1.6U0(000UE+01

SUm oF Y

1.10500000E+03

1.44000000E+02

-1.22500000E.03

sUm Y-SQUARE

8 .82D90000E.04

1.39454000E.O5

2.62976000E005

FOR VARIABLE 2 ( POLYAPCHY ) RS5=1.41204212E605

TPY ON VAR/AHLE 3 OVER GROUP I RESULTS FcLLCO.

CODE

1 39

2 I ;

Sum op wEIGHT

3.4°DrIn000E+01

1.000noD00E01

CANIDIDATE diRcUPS

GPCUP
2 39
3 10

SUM cE

1.174(10(300E.03

-4.15100n00E.0

APE AS FOLLOWS.

DEPENDENT VARIAHLE

if:JAL WEIGHT
3.90000DOOE01
1.00000000E+01

sum v-sOuARE

2.70138000E.05

2.20501OUDE.OS

SUM OF Y
1.17400000E+03

-1.15100000E+03

(A)IIn:NATIO

1 ( GENERAL CCNE)

WEIGHTE0 HY VARDIPLE

+0 TOTAL GRoUP

N
TOTAL wT SUri=

GwCUP O.

vALIIES CF
cle N =

wEIGHT Sum =
PcT OF ToTAL =

A.,

MEAN

5.81578947E.01

1.02857143E01

-7.66250000E4,01

RSS/TSS =

sTD. DEv.

3.54998342E.01

9.92733805E.01

1.0278428AE*02

.28780

MEAN sTO. DEv.

3.01025641E4,01 7.75915654E.01

-1.15100000E4W 9.38194543E4,01

SUM Y-SQUARE
2.70138000E05
2.20501000E.05

T S S
2.34797590E+0S
8.80209000E+04

(I)NTERACTION (D)ETECToR (MODEL 2)

*S um m AR ye*

49 MFAN = 4.69387755E-01
49 STD. DEv. = 1.00064D82F.02

2 "LIT
piitpiCTCw

39
39

79.6

FROM GRCUP 1 ON vARIAALE
INCLUDED ARE 1

MEAN = 3.01025641E01
STD. DEv. = 7.75915654F+01

-wTD. MEAN sG. = 3.s3404103F+04

SUm v = 2.30000000F01
Sum Y SO. = 4.90639000E.05

4 (CENTRIST

GROUP DEVIATION
TSS(I)

(TSs(1)/TSs(T))

= 2.96331763F01
= 2.34797590E4035 SUM Y 50. 7.70138000E+05
= 4.7Hq68710E-01

S S

1.03277811E05

1.41204212E.OS

4.90628204E.O5

B S s

1.67809714E05

4.90628204E.05

TSs 4.90628204E05

Sum V = 1.17400000E01

9100 000
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COST ESTIMATE
00 The job listed consisted of 49 data, decomposed into 27 groups in

14 steps. The total central-processor time used was 3.712 seconds;
0 peripheral-processor time was 42.660 seconds with a memory useage

of 77,600 words. The Northwestern computer charge was $1.74.

Charge to user = computer time + postage and handling + network
overhead

= $1.74 + $15.00 + network overhead

= $16.74 + network overhead

CONTENTS AID

pages

1,2
3-11
12,13

15

4/70

Identification & Abstract
User Instructions
I/0
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DESCRIPTIVE TITLE

CALLING NAME

0
INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

000 0017

Generalized Stepwise Regression

B34T NUCC111

Vogelback Computing Center,
Northwestern University

This program is a single-precision version
of the UCLA BIMED 34, rewritten by Hodson
Thornber, The University of Chicago, in
FORTRAN II and converted for the CDC c.,400
by Donald Morrison, Northwestern University.

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

B34T calculates multiple linear regression in a stepwise manner,
inserting at each step that variable which is eligible and has the
highest partial correlation with the dependent vari.7b1e, given that
the previously selected variables are in the equation. The eligi-
bility of a variable to be entered is specified by the use of Or-
der Cards and Forcing Mode Cards. The latter, if present, delin-
eate a set of variables to be forced in, a set to be forced out,
and a set to be entered stepwise by the partial correlation cri-
terion mentioned above. The order card specifies the order in
which a specified set of variables is entered, as follows. B34T
forgets completely about variables forced out. It then enters
all variables listed on Order Card(s), holding in the equation
those forced in, regardless of how low their partial correlations
may become. If any forced-in variables remPin after the ordered
variables have been entered, they are taken as a group and entered
by the correlation criterion. After all ordered and all forced
variables are in, any unforced variables are entered stepwise.

12/69 1
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continued
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REFERENCES

Thornber, H., "Manual for (B34T, 8 Mar. 1966) A Stepwise Regression
Program," Northwestern Univ. Rep. 6603, a general algebraic des-
cription of the standard regression model (with and without the
constant), main features and operations of the program, use of
special features of the program, and a macro flow for program
logic.

"Writeup for (B34T, 8 Mar. 1966) A Stepwise Regression Program"
gives detailed instructions for filling out individual Control
Cards. This abbreviated writeup may be used by casual users who
wish to perform simple and multiple regressions with an expanded
set of transgenerations that includes lagging of the variP'-les.

2 12/69
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N. USER INSTRUCTIONS

Data-Format Options
0
0 1. Problems may be stacked and, within each main problem, subprob-

lems may be stacked

2. Weighted regressions may be computed (see page 17 of Ref. 1 for
description)

3. Lagging can be performed either as a simple transgeneration or
in the linear sequential process (see item 5)

4. The regression may be forced through the origin instead of the
mean

5. A subroutine is included to compute moving averages and autore-
gressive series or a sum of the two from any variable in the
input data (called ?inear sequential process)

6. After completion of any subproblem, new data, called extrapola-
tion data, may be read in and the residuals of these data com-
puted, using the regression coefficients estimated in thesub-
problem that it follows

7. This program includes options to smooth the data (generalized
least squares)

8. New transgenerations may be written by the user if desired

Description uf Input Data

Main-Problem Card (required)

Note: All columns indicated below in parentheses can be ignored
(left blank) by "casual" users.

Columns Contents

1

2 4 Problem number. (If blank, B34T numbers them sequen-
tially)

7-11 Number of observations

12-13 Number of original variables (p)

14-16 Number of variables added in transgeneration (q)
(q may be negative, but p + q < 70)

(17-18) Index of variable to be used as weight if this is
a weighted regression

12/69 3
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Columns

(19)

(20)

Contents

=1: perform all transgenerations and linear processes
specified in the previous main problem

=0: allows new card to be added to previously recorded
sets of subproblem cards but does not use any previ-
ously recorded cards

=1: records all the specific subproblem Control Cards
following this main problem for use in later main
problems. (See Col. 20 of the subproblem card) All
previously recorded cards are erased by this option

=2: uses all previously recorded subproblem cards on
this main problem. Any newly specified subproblems
will be performed and recorded at the end

(21) =1: forces regression through the origin

=2: computes constant by adding a column of ones to
the data matrix after transformation

Number of initial observations to be deleted for
lagged variables

22-23

Output Parameters

Columns Contents

29 blank: gives first five good transgenerated observa-
tions

=2: gives raw data

=3: gives transformed data

=4: gives both

(30) blank: gives both covariance and correlation matrices

=2: deletes covariance matrix

=3: deletes correlation matrix

=4: deletes both covariance and correlation matrices

31 =2 if residuals or residual statistics are wanted in
any following subproblem. (This column is used in
conjunction with Cols. 9-40 of the Subproblem Card.)

(32) =1: punches sums and raw crossproducts after trangen-
eration in format (6E13.5) and prints card with num-
ber of variables, number of observations, and heading
that has been read in on Main-Problem Card.

continued

4 12/69'133
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Columns Contents

=2: punches the transformed data in format (16, 12,

6E12.5). (16 is observation number, 12 the card num-
ber)

=3: punches both crossproducts and transformed data

Input Parameters (for input other than BCD cards)

Columns Contents

(33-34) Logical number of data tape, if any

(35) blank: reads from the above tape without rewinding

=1: rewinds before reading

(36) blank: reads from above tape in binary

=1: reads in BCD according to the Variable-Format
Card

(37) =1: reads crossproducts produced on earlier run of
this program. Note: Blank Variable-Format Card
(variable format in Cols. 1-2, blanks in Cols. 3-72)
is required before crossproduct Header Card

40-69 Alphanumeric description of the problem

Variable-Name Card(s) (optional)

Columns Contents

1 2 Variable name

5 6 Index number of first variable named

7-12 Name of first variable

15-16 Index number of second variable named

Names may continue to Col. 72. Index numbers can
appear in any order. If more cards are needed,
simply follow the format of the first Variable-Name
Card exactly.

Variable-Format Card(s) (required)

Note: The maximum number of format cards allowed is 10. There

must be one and only one variable F format in every main problem.
(All but the last format card are Variable-Format Cards.) B34T

accepts E- and F-type formats. The Variable-Format Card must ap-

ear immediately before the data.

12/69

continued
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Columns Contents

1- 2 Variable F format (last format card only)

Variable E format (all but last format card)

3-72 Format statement enclosed in a single set of paren-
theses

Transgeneration Card(s) (optional)

Columns Contents

1-2 TG

3- 4 Variable number to be assigned to this variable after
the operation has taken place (CVBL)

5- 6 Transgeneration code (see below)

7- 8 Variable number of A variable (AVBL) (index number
of first variable used)

9-16 Constant (c) or index number of second variable (BVBL)

(17-18) Number of the Transgeneration Card that this one re-
places from previous problem (may be used only if
Col. 19 of Main-Problem Card = 1)

Transgeneration Codes

01

03

square root (AVBL)

logiu (AVBL)

(CVBL)

(CVBL)

02

04

ln (AVBL)

exp (AVBL)

(CVBL)

(CVBL)

05 (AVBL)** (BVBL) (CVBL) 06 const** (AVBL) (CVBL)

07 1/ (AVBL) (CVBL) 08 (AVBL) + const (CVBL)

09 (AVBL) * const (CVBL) 10 (AVBL)** const (CVBL)

11 (AVBL) + (BVBL) (CVBL) 12 (AVBL)-(BVBL) (CVBL)

13 (AVBL) * (BVBL) (CVBL) 14 (AVBL)/(BVBL) (CVBL)

15 (AVBL) < const: 1 (CVBL) 16 (AVBL) > (BVBL): 1 (CVBL)
(AVBL) 7 const: 0 (CVBL) (AVBL) (BVBL): 0 (CVBL)

17 sin-1 (AVBL) (CVBL) 20 sin (AVBL) (CVBL)

21 cos (AVBL) (CVBL) 22 lag (AVBL) (CVBL)

A significant amount of time may be saved by grouping together as
much as possible transgenerations with code 22.

The maximum number of allowed transgenerations (excluding code 22)
is 120. The maximum number of transgenerations with code 22 is 70.

continued
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Note: If Transgeneration Code 22 is used, it will be necessary
for the user to delete the proper number of observations. The0

0 original number of observations minus the number of observations
0 deleted (Cols. 22-23 of the Main-Problem Card) will be the effec-

tive sample size. This effective sample size will be used in all0
subproblems.

Sample transgeneration:

To take logio of variable 1 and place it in variable 6

TG060301

Subproblem Card (required)

Columns Contents

1

2 4 Subproblem number (If blank, B34T numbers them se-
quentially)

5 6 Index number of dependent variable

Output Parameters

Columns Contents

7 =0: gives analysis of variance (ANOVA) after last
step only

=2: ANOVA after the controls are all in (or as con-
trols'go in if Col. 23 = 2)

=3: ANOVA after every step

=1: deletes covariance matrix of regression coeffi-
cients

=2: punches the upper diagonal of a symmetrical
matrix in (GE13.5) format, column by column

9 =2: residuals listed at end of subproblem

=3: residuals listed after each step

=4: residuals listed after controls are in

=5: lists residuals of extrapolation data only and
does not require Col. 31 = 2 on Main-Problem Card

Note: The last two options give residuals at the end of
the subproblem only

(8)

12/69 7
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Columns Contents

10 (Can be used only if Col. 9 is not blank) Summary
statistics are always printed if Col. 9 is not blank.

Whatever is punched here must be consistent with the
punches in Col. 31 of the Main-Problem Card and
Col. .9 of this card.)

blank: lists and plots residuals

=1: punches residuals

=2: suppresses list of residuals

=3: punches summary

(11-12) Number of terms wanted in autocorrelation function
of residuals (limit: 30)

(13) =1: punches constant and coefficients after last step

(14-16) Number of observations in extrapolation data (if any)

(17) Controls output of extrapolation data (see Col. 29 of
the Main-Problem Card)

Operating Parameters

Columns Contents

(20) =1: records the Control Cards for this subproblem

21-22 Standard forcing mode, to be used in conjunction with
Forcing-Mode Card. The following option are possible:

=-1: to delete all variables not mentioned on a For-
cing-Mode Card

blank: all unmentioned variables will enter if they
attain significance

=+1: to force all variables in that are not mentioned
on a Forcing.Mode Card

(See Writeup2 for the present F values)

(23) =2: puts ordered and forced variables in after normal
termination of the subproblem

(24) Maximum order of residual-difference equation for
smoothing data (limit: 9)

(25-30) Convergence tolerance for smoothing data (E6.3 format)

(41-42) Maximum number of steps to be allowed in the regres-
sion (E6.3 format)

8

continued
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Columns Contents

(43-48) Minimum F level for inclusion (blank = .01) (E6.3
format)

(49-54) Minimum F level for variables in the equation before
they will be thrown out (blank = .005) (E6.3 format)

(55-60) Value of s (blank = .00001) (Those variables in the
equation with diagonal element less than s and those
variables in the equation with diagonal greater than
l/s are deleted.)

Order Card(s) (optional)

Columns Contents

1-2 OC

3 4 Index number of first variable to be entered into the
regression. This may be a forced variable. If it is
not, it is free to be deleted should its F level fall
below F out.

Note: F-out level is determined by the operating parameters
punched on control cards.

5 6 Index number of second variable to be entered

61-62 Index number of 30th variable, if any

Blank fields, set of 2 columns, on this card are ignored. If more
than 62 columns are needed, continue on second card as on first.

Forcing-Mode Card(s) (optional)

Columns ::ontents

1-2 FM

12/69

4 Control character for first variable (-+)

This card uses 4 columns per variable and the control
character must be in the second of these 4 columns.
Thus, the first of each group of 4 columns is always
blank.

The control characters are

minus sign (-) to exclude variables
blank ( ) to let significant variables in if they
are selected by the program

plus sign (+) to include variables

9

continued



EDUCATiONAL INFORMATION NETWORK EDUCOM

000 0017

Column8 Contents

5 6 Index number of first variable

8 Control character for the second variable

9-10 Index number of second variable

60 Control character for 15th variable, if any

61-62 Index number of 15th variable, if any

The variables may be in any order. Blank fields (sets of 4 col-
umns) on this card are ignored. If more than 62 columns are needed,
continue on second card exactly as on first.

Finish Card

Columns Contents

1 6 $$$$$$

Notes:

1. If more than one is required of any Control Card, it is neces-
sary to include the identification letters in Cols. 1-2 of each
card

2. On Control Cards, all numbers read in I format must be punched
right-justified in the columns specified. All numbers read in
F format should be punched with decimal points

3. A blank is equivalent to a zero, except in Cols. 5-6 of th
Main-Problem Card

4. The format for Comment Cards should be a C in Col. 1, blank in
Col. 2, and the comment in Cols. 3-72

5. The limit on the number of variables is 70.

Description of Output

Printout is dependent on output parameters set on Main-Problem
and Subproblem Cards. It may include transgenerated observations
on raw- or transformed-data covariance and correlation matrices,
residuals or residual statistics, punched sums, raw crossproducts
after transgenerations, and analyses of variance.

Possible output also includes a table of residuals, an autocorre-
lation of residuals, a plot of residuals, transformed and/or raw
data, the Von Neumann ratio and Durbi. Matson statistic, and a

full set of regression statistics eitner at the end of each step
or at the end of each subproblem.

contnued
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Limitations

Up to 99999 cases, 70 variables.

Job Deck Structure

Job Card
LIBRARY (B34T)
LGO.
7-8-9 (EOR Card)

Main-Problem Card
Comment Card(s)
Variable-Name Card(s)
Transgeneration Card(s)
Variable-Format Card

Data Deck

Subproblem Card (required)

(Any of the following option cards
can be used before another Subprob-
lem or Main-Problem Card)

Comment Card(s)
Order Card(s)
Forcing-Mode Card(s)

Finish Card m

6-7-8-9 (E0I Card)

(required)
(optional)
(optional)
(optional)
(required)

REFERENCES

(optional)
(optional)
(optional)

(required)

EDUCATIONAL INFORMATION NETWORK

Repeat
for
every
subpro-ulem

000 0017

Repeat
for
additional
(main)
problems

"Writeup for (B34T, 8 Mar. 1966) A Stepwise Regression Program"
gives detailed instructions for filling out individual Control
Cards. This abbreviated writeup may be used by casual users who
wish to perfnrm simple and multiple regressions with an expanded
set of transgenerations that includes lagging of the variables.

12/69
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SAMPLE INPUT

CD VLORRoCHL ICM66500. 8347
CD LT8RARYIU3-01
CD LON

30 7 0 11 422 1 (8341, 8 MAR 66) ILLUSTRATIONS
C DATA WERE GENERATED USING
C PARAMETER VALUES... BO 3.04 81 2.01 82 1.0, Ro = .90
C BASE WEIGHT FOR HETEROSKEDASTICITY 10.0

OIWEIGHT 02 X(1) 03X2)"2 04 YID 05 Y(2) 06 Y(3) 07 Y(4)
76031303 03
VF(8X6E12.5)

1 1 n.82645E.020.11599E 01...0011771E00 0.87588F 000.15944E 01 0.24769E-00
1 2 0013444E 01 n.10000E 01
2 1 0.69444E-02 0.15024E00 0.83199E 00 0.53297E 01 0.11657E 01 0.29687E 01
2 2 Ot392.37E 01 0.10000E 01
3 1 0.59172E.02 0.12075E000.60991E 00 0.42181E 01 0.80352E 00 0.43071E 01
3 2 0.43444E 01 0.10000E 01
4 I 0.51020E.020.54279E 00 0.15264E 01 0.35157E 010.33486E 01 0.25434E 01
4 2 0.26026E 01 0.10000E 01
5 1 0.44444E-02 0.59915E 000.15482E-00 0.59534F 01 0.17819E 01 0.38224E 01
5 2 0.47490E 01 0.10000E 01
6 1 0.39063E02 0.68031E-01 0.97518E...01 0.26257E 01 0.11032E 01 0.33824E 01
6 2 0.34044E 01 0.10000E 01
7 1 0.34602E020.49409E-00 0.99346E 00 0.31393E 010.69195E 00 0.18914E 01
7 2 0.23002E 01 0.10000E 01
8 1 0.30864E-02-0.94063E 00-0,43524E-00 0.20004F 01-0,211A4E 01-0.7299?E-01
8 2 0.14086E 01 0.10000E 01
9 1 0.27701E.02.0.19316E-00 0.21337E 01 0.77893E 010.31056E.-00 0,16GOAE 01
9 2 0.23124E 01 0.10000E 01
10 1 0.25000E02 0.17241E 01 0.91185E 00 0.77234E 01 0.30292F 01 0.67770E nl
10 2 0.60838E 01 0.10000E 01
11 1 0.22676E.020.76734E 004.16379E 01 0.11473E 01-0.4049AE nl 0a81447E 01
11 2 0.10155E 01 0.10000F 01

30 I 0.62500E03 0.44640E-01-0.11693E 01 0.40866F 01,0.35066E...00 0.40330E 01
30 2 0.33499E 01 0.10000E 01

S 043 2 1.0 0.9
C STRAIGHT STEPWISE REGRFSSIOK.
FM 02 03 OA
S 053 2 1.0 0.9
C STEPWISE REGRESSION ON TWO IRRELEVANT VARL4ALES4 CONST ANO xp)**p.
C WITH COW PUT IN FIRST, BUT LEFT FREE To RE DELETO.
FM 08 02 01
0008
s 06 2 .1

C REGULAR REGRESSION ON WEIGHTED DATA
FM 02 408

30 7 n 1 2 22 81 (8347, A MAR 66) WEIGHTED REG.
C DATA ARE READ FROM SCRATCH TAPE A.
VP
S n6 2
C WEIGHTED REGRESSION ON KEIGFTED DATA,
FM 402

30 7 n 42 81 (8347, 8 MAR 66) AUTO REA. oIS
VF
S 07 2 1 3
C TRANSFORMING DATA TO ALLOW FOR AUTOREGRESSIVE ERPOKS.
FM 402
MSS%
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EDUCATIONAL INFORMATION NETWORK EDUCOM

000 0017

SAMPLE OUTPUT

PROBLEM NUMBER 1

NO OF OBSERVATIOLS 30

NO OF VARIABLES (IN DATA) 7

NO OF VAR ADDED 0
NO OF VARIABLES (IN PROH) 7

nATA FORMAT USED
(06E12.5)

i'0 NO. NC. ASSIGNE0 TO CoDE A-VARIABLE 4.VAR. OR CONSTANT

I 3 13 J 3.00E+00

THE REPRESSION WILL HE FORCED THROUGH THE ORIGIN IN EACH OF THE FOLLOWING SUBPROBLEMS.

4.

STEPWISE REGRESSION -

RAW 1 8,265E03

TRA 1 8.265E-03

RAW 2 60944E-03

TRA 2 6.944E-03

RAW 3 5.917E-03

TRA 3 5.917E-03

RAW 29 6.575E-04

TRA 29 6.575E.04

RAW 30 6.250E-04

TRA 30 6.260E-04

NORTHWESTERN U - (8341. 8 JAN A8) 4834T, 8 MAR 661 ILLUSTRATIONS PAGE

-1,160E00 -1.177E-n1 8,759E-01 -1,594E00 2,477E-01 1,394E00

-1.160E+00 1.386E02 8,759E01 -1.594E00 2.477E-01 1.394E00

1.502E-01 8.320Eo1 5.330E+00 1.166E,00 2.969E0.00 3.924E00

1.502E01 60922E-01 5.330E+00 1.166E00 2.969E00 3.924E00

1.208E-01 .6.099E-01 4.270E+00 8,035E01 4.307E00 4.344E.00

1.208E-01 3.720E01 40278E+00 80035E-01 4.307E+00 44344E+00

-5,889E-01 -1.294E-n2 3.040E01 ,i6.931E-01 2.061E+00 2.393E+00

-5,889E-01 1.675E-04 3,040E-01 .4,931E441 2,061E00 2.393E.00

4.464E-02 -1.169E+00 4.087E+00 -3.507E-01 4.033E00 3.350E+00

4.464E-02 1.367E00 40147E+00 3.507E01 4.033E+00 34350E00

CD
CD

,4 14 7#1.2

continued
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000 0017

STEPWISE REGRESSION NORTHWESTERN U (834T, 8 JAN 68) (h134T. 8 MAR 66) ILLUSTRATIONS PAGE 3

VARIABLE MEAN STANDARD DEVIATION VARIANCE

WEIGHT 1 2.349208E..03 2.000609E03 4.002437E06

X(1) "2.482814F01 8.648010E-01 7.478808E.01

cp X2)**2 3 1,069850E+00 1.644505E+00 2,704397E+00

Y(1) 4 3.682356E+00 2.878847E+00 8.287763E+00

Y(2) 5' 5.007170E.01 2.033591E+00 4,135491E+00

Y(3) 6 2.427149E+00 2.024985E+00 4.100566E+00

V(4) 7 3.199963E+00 1.785360E+00 3.187511E.00

STEPWISE RE(RESSION NORTHWESTERN U (R347.

CORRELATION MATRIX

1

8 JAN 68) (834T, 8 MAR 66) ILLUSTRATIONS PAGE 4

X(1) VAR 2 3.23438E...02

1 2

X2)**2 VAR 3 7.66990E02 2.19312E01

1 2 3

y(1) VAR 4 6.25567E 02 7,89791E-01 6,99574E.01

1 2 3 4

Y(2) VAR 5 6.19875E...02 8.6603,4E-01 1.0344E...01 6.80035E01

1 2 3 4 5

Y(3) VAR 6 4.31374E-02 7,88824E-01 1.34051E41 6,03780E01 6.17393E01

1 2 3 4 5 6

Y(4) VAR 7 2.84795E02 9,55683E-01 1.80919E41 7,39425E01 8.44013E01 7.30512E.01

12/69 15

continued
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EDUCOM

STEPRI1E PEGRESSION NoRTHwESTERN U - (034T. B JAN 68) (834T, 0 mAH 66i ILLUSTRATIONS PAGE 5

COMMENT" STRAIGHT STEPWISE REGRESSION.

.1***4014444,*

PROBLEM NumBER 1

SUBPROBLEM NUMBER
F TO ENTER 1.00000 -0.00000
F To REmOvE oonno -010000
TOLERENCE 00001
MAXIMUM No OF STEPS 2
DEPENDENT VARIABLE 4 v(1)

THE FOLLOwING VARIABLES ARE DELETED IN THIS SUBPROBLEM

I S 6 7

STANDARD ERROR OF T s 2.8788E+00 s FoR DEGREES OF FRFEDom a 29

continued
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,--4 COST ESTIMATE
0
0

For the job listed on the Sample Input, the total running time was
0
0 2.659 seconds for central-processor time and 43.005 seconds for

peripheral-processor time.with a memory useage of 66,500 words.0
Chargeable computer time was $1.60.

Charge to user = computer time + postage and handling + network
overhead

$1.60 + $15.00 + network overhead

= $16.60 + network overhead

CONTENTS B34T

pages
1,2
3-11

13-18
19

Identification & Abstract
User Instructions
IN
Cost--Contents
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EDUCOM
EDUCATIONAL INFORMATION NETWORK

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0018

Biserial--Point-Biserial Correlation
Program

BiSR NUCC117

Vogelback Computing Center,
Northwestern University

N. John Castellan, Jr.
Vogelback Computing Center

Stephen W. Link
Vogelback Computing Center

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represen-
tative, Vogelback Computing Center,
Northwestern University, 2129 Sheridan
Road, Evanston, Ill. 60201
Tel.: (312) 492-3682

BISR has been designed to compute either biserial or point-biserial

correlation coefficients. At the user's option, the biserial coef-

ficients will be computed, assuming that a particular discrete item

constitutes a subscore for the continuous variable. (This case is

analogous to an item-total correlation.) The following data for

each discrete variable are obtained from this analysis.

(a) means of continuous variables for failing groups

(b) means of continuous variables passing groups

(c) means for the continuous variables

(d) proportion of cases in the passing group

(e) standard deviation of continuous variables for those cases

with a pass or fail response on the associated discrete vari-

able

(f) correlation coefficients

6/69

continued
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cz)Computational Procedure cz)

cz)

Formulas Used: cz)

rb = (M2 MI) PI P2/z sy, 00

ro = [(M2 M )/s ] (132/131)
Y Y

If r
b

is to represent an item-total correlation,

rbl =[rb sy (PI P2 /z)]/ (sy2 PI P2 2rb sy z)1/2,

where PI is the proportion of cases in the failing group (0's) and
P2 is the proportion of cases in the passing group (l's or 2's);
MI and M2 are the means of the continuous variable for failing and
passing groups, respectively, and My is the mean for the continuous
variable; sy is the standard deviation for the continuous variable
for those cases with a pass or fail response on the associated
discrete variable; and z is the ordinate of the unit normal curve
at the point where PI (or 132) cases are cut off.

S 2 = [N E X2 (E X)2]/ N(N 1) .

REFERENCES

Castellan, N. J., Jr., and Link, S. W., " Biserial Point-Biserial
Correlation Program for IBM 709/7090," Behavioral Sci. 8,
368-369 (Oct. 1963).

Henrysson, S, "Correction of Item-Total Correlations in Item
Analysis," Psychometrika 28, 211-218 (1963).

2
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USER INSTRUCTIONS

Description of Input Data

The continuous variables may be of any magnitude and the range of

magnitude may vary from variable to variable. The discrete vari-
able may take on values of 0 and 1 with digits 2, or 9 as an
index for missing data or 0 and 2 with 1 as an index for missing
data. However, these values may not change for a given problem.
A continuous variable may not take on values less than zero.

Heading Card

Columns

1 6 Problem number, which is an alphanumeric title for the
particular problem, e.g., DECK27

7 9 The number of continuous variables (NC), e.g., 006

10-12 The total number of discrete variables (ND), e.g., 017

13-18 The number of replications (NS). This must be punched
as a 6-digit number; e.g., if NS = 627, punch 000627

19 Punch 2 if biserial correlation coefficients are desired
Punch 1 if point-biserial correlation coefficients are
desired

20 Punch 1 if discrete data are described by 0 and 1 with
2, 9 as an index for missing data
Punch 2 if discrete data are described by 0 and 2 with
1 an index for missing data

21 Punch 0 if point-biserial correlation coefficients are
desired
Punch 1 if no discrete variable is considered part of
any continuous variable
Punch 2 if some discrete items are considered to be
subscores of some continuous variable [in this case,
subtest card(s) are required]
Punch 3 if all discrete items Are considered to be
subscores of the associated continuous variables

22 Punch the number of continuous-variable variable-format
cards (e.g., if you use one such card, punch 1)

23 Punch the number of discrete-variable variable-format
cards

24-72 Must be left blank

73-80 May contain identification as desired

6/69 2E1.

continued
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Variable-Format Cards

Each problem deck requires two sets of variable-format cards, one
for the continuous variables and the other for the discrete vari-
ables.

Continuous-Variables Variable-Format Card(s)

In preparing the variable-format card, the word FORMAT is not used.
For example, (12F3.0,F4.0,11F2.0) punched in the first 20 columns
of the variable-format card will describe 12 three-column fields
(variables) followed by 1 four-column field, followed by 11 two-
column fields. The alphabetic letter X (to designate a skipped
column) and a solidus (/ to designate "go to next card") could also
be used, and one additional level of parentheses may be used to
simplify format description. For example (25(F1.0,1X)) will speci-
fy the pickup of 25 one-digit fields from alternate Cols. 1, 3, 5,

, 4. This notation may, of course, be combined in any suit-
able manner.

Discrete-Variables Variable-Format Card(s)

This card is prepared in the same manner as above, except that each
discrete variable is indicated by I format rather than F format.
Note: If it is necessary to use more than 72 columns to describe
the format, continue the statements on another card, using as many
cards as necessary. Note that for the entire format specification
only one left and one right parenthesis is used, except for the
simplifying cases described. However, note too that the number
of variable-format cards must be indicated in Cols. 22 and 23 of the
heading card.

Association Card(s)

oo

These cards are used to indicate the number of discrete variables
associated with each continuous variable. Begin in Col. 1 and use
successive 3-digit fields to describe the number of discrete vari-
ables associated with each successive continuous variable. For
example, 003010001003 indicates that the first three discrete vari-
ables are associated with the first continuous variable; the next
10 (4th-13th) discrete variables are associated with the second
continuous variable; the next (14th) discrete variable is associated
with the 3rd continuous variable; the next two (15th and 16th) dis-
crete variables are associated with the 4th continuous variable.
One association card will be used for each 24 continuous variables.

continued

'.1(

0
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00 Subtest Card(s)

If some of the discrete items are considered to be subscores of
some of the continuous variables, then these cards are required.0
For instance, if discrete items 1-16 constitute the first continu-
ous variable, these subtest card(s) are required.

Columns

1 3 The number of discrete items that are subscores

4 6
7 9
10-12 The item sequence number of the discrete items that are

subscores

70-72

If more than 23 discrete items are specified in Cols. 1-3, continue
on to another card, punching the sequence numbers into 3-column
fields, beginning with Cols. 1-3. For example, in the preceding

illustration, the subtest card would read thus.
016001002003004005006C07U08009010011012013014015016

Note: If all discrete variablesare subscores, subtest cards are
not required.

Data Cards

Data cards must conform to the format designated on the variable-
format cards. The last variable must appear in the same location
on each card.

The number of cards must be twice the number punched into Cols. 13
18 in the heading card. (If two cards are used for continuous vari-
ables, then the number of data cards is equal to 3 NS, etc.) The data
cards must be arranged as follows.

Continuous-variable card(s) for Subject 1
Discrete-variable card(s) for Subject 1
Continuous-variable card(s) for Subject 2
Discrete-variable card(s) for Subject 2

Discrete-variable card(s) for last subject

Any number of different consecutive problems may be processed by
repeating the preceding steps for each such problem.

6/69
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After the last problem, A FINISH CARD must be inserted. FINISH

is to be punched into Cols. 1-6 of this card.

Description of Output

For each discrete variable, the output consists of the six types

of results listed within the abstract.

Error Indications

Error messages will he printed out upon mispunching of the discrete-
data code in Col. 20 of the header card, failing to specify the
number of variable-format cards, or failing to specify the subtest-
total option.

Limitations

The program will compute correlation coefficients on up to 999 con-
tinuous and 999 discrete variables. The maximum number of subjects
allowed is 999999. Further, any number of problems may be sub-
mitted at one time, each of which will be subject to the above
restrictions.

Job Deck Structure

Job Card
LIBRARY(BISR)
LGO.
7-8-9 EOR

Heading card
Variable-format cards
Association cards
Subtest cards, if needed
Data cards

(Repeat for as many problems as desired)
FINISH card (after last problem set only)

6-7-8-9 EOI

4

6 6/69
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CO SAMPLE INPUT
,-1

Wn84.6111.15.11.11211,Cm51400. 8158
L144441,(41Sw)
Lon.

CD HCO400302400023811311
CD (81(.3(F4.1.01)
CD (24X.21411.01.711./X.111

004u0R,:o4
F0001 2 12.o 10.0 :2.5 In 0 0 1 38

Fn001 2 120 10,0 2,5 In 0 0 1 38

Fo002 2 do 1.0 1.0 21100000000.50000000000000000000100000130000
F0002 2 80 7,0 1.0 21100000000,50000000000,000000000100000130000
F0n03 2 10, 7.0 4.0 10000000000.00000000000.000000000010000003000
F0001 2 I0. 7.0 3.0 10000000000.00000000000.000000000010000003000
F0004 2 110 100 10 10 11 0.50 1 24

F0004 2 11.0 10.0 10 10 . 11 0.50 1 24

Fnn05 1.0 8.0 3.0 11)1 1 2.00 1 38

FnnOS 1.n 8.0 3.0 1111 1 2011 0 1 38

F0006 2 1.0 10.0 1.0 10 0 0 1 12

Fnn06
F0n07
Fn007

2
2
2

1.0
2.0
2.0

10.0
8.0
8.0

1.0
4.0
4.9

10 . 0 0 1 12

111 3.00 . 0 1 GO
111 3.00 . 0 1 60

innn4 2 20 4.0 . 0 0 1 36

F0004 2 2.0 4.0 4,0 70 U 1 36

F000Q 2 9.0 7.0 e.( Po . 0 1 26

F0004 7 9.0 7.0 2.0 ?n U 1

F0010 2 12.0 9.0 3.0 1.5U . 1 44

F0010 2 12.0 9.0 .3.k III 1.50 . 1 44

m 125 1 9.5 5.5 4.o 71 1 3.01 11 1 3.01 1

m )25 I 9.5 5.5 4.0 71 1 3.01 11 1 3.01 1

m 127 1 9.5 8.5 1.0 10 0 0
m 127 1 9.5 8.5 1.0 10 0
M 128 1 4.0 3.0 1.0 10 . 0
m 124 1 4.0 3.0 1.0 10 . 0 . o
m 124 1 18.5 INS 1.0 In .

m 124 1 18.5 17.4 1.0 10 0

m 132 1 10.5 9.5 1.0 10 0 . o
m 132 1 10.5 9.5 1.0 10 . 0 . o
M 131 1 5.5 4.5 1.0 10 0 . o
m 131 I 5.5 4.5 1.0 10 0 o
m 134 I 7.5 6.5 1.0 10 U .
m 134 1 7.5 6.5 1.0 In 0 .
m 135 1 15.0 4.0 1.0 70 . 11 0.50
m 135 1 15.0 4.0 1.0 7( 11 0.50
m 136 1 13.5 12.5 1.0 10 0 . 0
m 136 1 13.5 12.5 1.) 10 U . o
m 138 1 12.5. 11.5 1.0 10 0 . o
m 134 I 12.5 11.5 1.0 10 0 o
m 134 I 11.5 10.5 1.0 111 0 .50 . o
m 139 1 11.5 10.5 1.0 111 0. SU , 0
m 140 1 10.0 9.5 0.4 10 0 . o
m 140 1 10.0 9.5 0.5 10 .

m 141 1 3.5 3.0 0.5 In 0 . o
m 141 1 3.5 3.0 0,5 10 0 o
m 142 1 9.5 9.0 0.5 20 0 . o
M 147 1 9.5 9.1 0.3 70 . 0 .
M 144 1 12.0 11.5 0.5 10 0 . o
M 144 1 12.0 11.5 0.5 10 . o
F1m158
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EDUCOM
EDUCATIONAL INFORMATION NETWORK

000 001J-

00 COST ESTIMATE
0
0 For the job listed on the Sample Input, the total running time

0 2.494 seconds for central-processor time and 14.615 seconds for
0
0 peripheral-processor time with a memory useage of 53, 400 words

Chargeable computer time was $1.00 (Northwestern University mini.

mum job charge).

Charge to user = computer time + postage and handling + network

overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS BISR

pages

1,2 Identification & Abstract
3-6 User Instructions
7-9 I/0
11 Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0019

Canonical Correlation

CANON NUCC168

Vogelback Computing Center,
Northwestern University

University of Miami Biometric Laboratory

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

The program computes canonical correlations between two sets of
variables and tests their significance. It also scores each sub-
ject, using the weights associated with the canonical correlations.
The methods used in these calculations may be found in the refer-
ences cited below.

REFERENCES

Hotelling, H., "Relations between Two Sets of Variates," Biometrika
28, 321-377 (1936).

Bartlett, M. S., "The Statistical Significance of Canonical Corre-
lations," Biometrika 32, 29-37 (1941).

10/69
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USER INSTRUCTIONS

Preparation of Data

The program expects cards in the following sequence.

Title Card

Columns Contents

1-72 Title to be printed on ouput (any alphanumeric char-
acters)

Problem Card

Columns Contents

1 5 Number of variables in first set, right-justified
(maximum 50)

6-10 Number of variables in second set, right-justified
(must not be more than number of variables in first
set)

11-15 Number of subjects, right-justified (maximum 2500)

16 Blank: input data located on cards
4: input data located on alternate tape (logical
tape 4). Only the Data Cards described below can be
on tape 4. The Control Cards (including this one)
must still be on card input

17 Number of extra Variable-Format Cards (in addition
to this card)

37-72 Variable format for one subject (must begin and end
with parentheses and include subject identification
in A format, followed by his scores in F format)

Variable Format (optional)

Columns Contents

1-72 Continuation of variable format, if needed. Up to
nine cards' may be used, as specified in Col. 17 of
the Problem Card

.1116,1111Mmr

10/69 3
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Variable Names

Columns Contents

1 6 Name of first variable (any alphanumeric characters)

7-12 Name of second variable , etc.

67-72

Data Cards

Name of 12th variable. Continue on as many additional
cards as necessary. The total number of names must
equal the number of variables in the first set pZus
the number of variables in the second set

First comes a subject's identification, followed by his score on
the first variable, his score on the second variable, etc. The
columns must conform to the variable-format statement.

(Additional problems may follow, each beginning with a Title Card
and ending with Data Cards.)

Finish Card

Columns Contents

1 6 FINISH

Limitations

1. No more than 50 variables in each set. (If one set includes,
more variables than the other, it must be the first one.)

2. No more than 2500 subjects

3. The number of subjects must exceed the total number of vari-
ables

4. No missing data. If a score is missing (blank or minus zero
on the Data Card), it will be detected, and that subject will
be omitted from the analysis

, ,

continued
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H Sample Job Deck0
0

000 0019

JOB card0
0 REQUEST(TAPE4) HANG XXXX (if data are on tape)
0 LIBRARY(CANON)

LGO.
7-8-9 (EOR card)
Title Card
Problem Card
Variable-Format Card (optional)
Variable-Name Cards
Data deck

FINISH Card
6-7-8-9 (EOI card)

10/69

repeat as many times as
desired
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SAMPLE INPUT
CD
CD

NO:10111M11"33"'CM613".
LAN
PSYCHOLOGICAL TFSTS

CANON

AND EEG MEASURES

000 0019

TAP
6 5 43
STEAD CFF

(6X, 43o 3X, 11F4.0)
ARITH BLOCK DIG SYnELTA THETA ALPHA 8ETA IRETA 2

1 2 82 1 680 9 306 7 9 7 29 45 127 76 37 FINK
1 3 83 1 650 14 326 7 12 10 51 63 16A 58 45 FINK

1 84 1 650 42 281 15 13 14 38 65 233 59 34 FINK
2 89 I 640 49 359 12 8 10 30 56 119 36 20 FINK

3 91 1 650 40 272 9 12 10 26 34 117 46 29 FINK

1 I 92 770 8 302 16 10 13 26 40 81 41 23 FINK

1 2 93 1 600 61 311 13 14 14 23 34 82 34 22 FINK

3 94 I 00 20 351 7 10 14 22 36 67 53 27 FINK

1 95 I 703 65 296 15 13 14 17 25 36 28 34 FINK

1 3 96 I 740 21 310 7 14 11 25 43 103 75 46 FINK

2 97 I 660 23 336 10 16 14 42 79 300 112 59 F/NK

1 3 98 1 720 11 280 9 11 11 58 107 311 124 63 F/NK

1 I 99 1 573 30 332 12 10 7 32 36 24 15 15 FINK

3 101 I 640 6 279 7 7 12 30 46 91 67 38 FINK

2 103 1 810 26 342 18 16 28 SI 94 3? 16 FINK

1 2 104 1 500 54 302 7 14 16 32 40 115 91 '42 FINK

1 3 106 1 640 22 295 12 8 24 54 106 38 20 FINK

1 I 107 I 670 27 250 15 13 12 28 41 89 41 17 FINK

1 2 108 I 640 14 199 1 3 22 45 230 107 47 FINK
I 112 I 720 10 350 12 16 10 24 40 129 42 22 FINK

2 113 I 20 310 4 10 12 26 31 31 23 11 FINK

1 3 115 1 RIO 20 335 13 10 16 40 161 45 24 FINK
1 3 116 1 770 19 263 18 10 11 31 42 110 37 13 FINK

3 117 1 620 52 295 13 10 6 29 43 62 31 13 FINK

1 2 119 1 110 48 284 16 11 10 38 66 190 75 61 FINK

1 I 121 I 770 12 311 7 11 32 58 155 66 42 FINK

1 1 124 1 740 325 16 14 10 19 41 149 48 26 FINK

1 I 125 1 740 10) 297 13 11 9 22 60 77 50 44 FINK

1 2 127 1 730 39 346 10 12 13 24 45 213 55 39 FINK

2 128 1 630 50 272 10 6 19 33 39 24 FINK

1 I 129 1 690 35 388 10 11 a 39 74 134 29 19 FINK

1 3 131 1 640 14 340 10 10 12 32 45 99 44 35 FINK
1 I 132 1 760 7 317 15 14 16 30 SO 162 46 23 FINK

I 3 137 1 730 79 275 6 6 9 15 16 51 24 13 FINK

1 3 138 I 650 67 288 15 12 9 35 84 107 37 19 FINK

1 2 139 1 750 9 314 6 7 25 42 144 49 24 FINK

1 2 141 I 710 50 283 10 14 12 23 40 91 37 22 FINK

I 2 142 I 650 26 282 16 13 14 29 36 130 39 25 FINK

I 3 143 I 670 24 288 15 12 13 28 31 50 36 22 FINK

I 3 145 1 610 11 327 7 10 12 41 67 274 110 64 FINK
1 2 147 I 790 4 265 12 16 14 26 36 an 45 37 FINK
I 2 149 I 690 34 289 9 9 11 22 40 181 59 30 FINK
1 2 150 1 580 49 276 15 13 33 48 143 53 36 FINK
F/N/SH

10/69
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SAMPLE OUTPUT

VOGEIRACK COMPUTING CEKTER
NORTHWESTERN UNIVERSITY

CANON-- CANONTCL CORRELATION PRoGRAm

PSYCHOLOGICAL TESTS AO EEG MEASURES

6 VARIABLES IN FIRST SET

5 VARIARLE!. IN SECOND SET

FORMAT OF CATA CARnS (6y, A3, 311, 1Ip4.0)
SUBJECT 113 OMITTED FROM hNALySIS BECAoSF OF MISSING DATA

42 SUBJECTS

VARIABLE MEAN STANDARD nEWTATION

TAR 04,905 88.784
STEAD 31,286 22.962
CFF 303.310 34.362
ARITH 11,262 3.902
BLOCK 11.157 2.1127
PIG SY 10033 3.003
CELTA 28,929 B.708
THETA 48,024 160%6
ALPHA 130,476 66039
BETA 1 b3,262 24.1492
PETA 2 31,214 13.997

EDUCOM

VAR/ABLE

STEAD

TAR STEAD CFF ARITH HOCK

LORRELATToNs

nTG SY OFLTA THETA ALPHA HFTA 1

CFF .127 f..111

APITH 04m .158 .054

RLCCK .116 -.099 084 .449

MG SY 119 ...Of:14 .211 .335 593

nELTA -.287 -.240 .125 -037 .140 .117

THETA .122 8169 -.008 .105 -.0d6 009

ALPHA -.n77 -.312 .00E -.241 .069 .013 .567 4676

RFT6 1 -.70n f1275 .177 .492 .002 and8 49m 548 89 continued

PIETA 2 305 m8037 -.3F5 .059 .096 .511 .%Pn .691 .AA?

. .

8

.-!34

10/69
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CA - LATENT POOT
r-i NIIMPFP

CD
CD

CD 1

CD
CD 2

4

61142M1bN
WIIKS
LAM00A OH! SolIAPF

0110 .170H 61.616

.516 .S724 2n.ny,

.40Q 7H04 AQ02

39 .q1H2 2.,197

.071 .Q4S0 .IS?

STANPiRDTZEO WEIGHTS ASSOCIATEC WITH LATENT wOnT NO. 1

FIRST SET cFOONn SET

VARIABLE WEIGHT VAP1APLF

TAP -.404 OFLTA

STEAD ....415 THETA
CFF ".429 ALPHA
ARITH "074R HFIA 1

BLOCK .156 HETA 2
CIG SY .414

30

IP

SURJECTS SCORED ACCORDING TO WEIGHTS FOR LATENT 1.0)01 No, 1

SU13,jECT SCogE oN FIRST SKT sonPF

10P
104

101

spcnk

1 .n37

2.554
.177

149 1.2h9 1.n67
147 1.000
94 .900 .171
9A .890 1.464
83 880 .n34
96 .740 1004
97 745 1.19n

141 ..n37 ..47
91 -.161

106 -.177 -1051
137 -.301 -.724
177 -.147 -.146
112 m.403 -.164
12P -.519
150 -.564 .211

95 -.616 ..c21

92 -.141
9S -.SP1

124 -.A07

116 1.0451 -.n4I
117 "1.096 -.448
101 -1.Pls -10+34
13P *0.775 -7.174
A9 -I.2PP -1.137

129 -I.36p
11 -1.606 -.114n

12c "7.141 m1.n4P

10/69
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000 0019

COST ESTIMATE

0 For the job listed on the Sample Input, the total running time
0 was 1.073 seconds for central-processor time and 23.437 seconds0
0 for peripheral-processor time with a memory useage of 61,300 words.

Chargeable computer time was $1.00 (Northwestern University mini-

mum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS CANON

pages

1 Identification & Abstract
3-5 User Instructions
7-9 I/0
11 Cost--Contents

4/70 11
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

EDUCATIONAL INFORMATION NETWORK

000 0020

X
2 and C Statistics

CHISQR NUCCO28

Vogelback Computing Center
Northwestern University

Vogelback Computing Center
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presentaly available

Lorraine Berman, BIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road
Evanston, Ill. 60201
Tel.: (312) 492-3682

CHISQR forms a contingency table from numeric data and calculates
X29 C, the percentages of samples in the categories, and the per-
centages of the categories in the samples.

CHISQR reads in numeric data for as many -s 10 samples, each con-
sisting of as many as 1000 subjects. The range of sample values
for all samples can be divided into as many as 10 subsets, called
categories; a contingency table is then formed by determining the
frequencies with which data from ISMPLS of the samples (2 < ISMPLS
< 10) fall into the categories. e and C (the contingencycoeffi-
cient) are printed out, the table is displayed, and the percentages
of samples in the categories and categories in the samples are
shown. Alternatively, the program will accept input of the actual
frequencies and/or expected frequencies instead of calculating
them from raw data and frequencies, respectively.

Computational Procedure

e Test

1. The relative frequencies with which m independent samples
(rows) are classified into n mutually exclusive categories (col-
umns) are calculated and treated as interval measurements. This

continued
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000 0020

implies only that the raw data must have nominal (classificatory)
measurement. A table of these frequencies is called a contingency
table.

2. Ho indicates that there is no difference between the m samples
in the proportion of observations that fall into the n categories--
i.e., that the rows of frequencies have come from the same or
identical populations. H1 must be two-tailed if m > 2, n > 2

(i.e., df > 1), as explained below.

3. X2 is calculated from the contingency table; its sampling dis-
tribution is approximated by the chi-squared distribution with
df[=(m-1)*(n-1)] degrees of freedom.

The e test cannot be applied if the expected frequencies are too
small. If df = 1, a Yates-corrected X2 is calculated. Difficulty
with small expected frequencies can be avoided by increasing the
number of degrees of freedom or by combining "similar" categories
(columns) of the contingency table. The X2 test is insensitive
to the effects of order when df > 1.

4. The power efficiency of the X2 test is difficult to determine,
since it is applied usually to data that cannot be analyzed by
any alternative test. However, its limiting power is one as the
number of degrees of freedom increases.

Contingency Coefficient

1. The contingency coefficient (C) is computed from the X2 con-
tingency table and will have no correlation to the population
when Ho exists (i.e., the value of C arose from chance). When
H1 exists, the samples for C were correlated from a contingency
table where df = [(m-1)*(n-1)] > 1. This is an indicator that C
is significant and accurate.

2. When C = 0, there is a complete lack of association between
the variables being measured.

3. When C 1 (0 < C < 1) , there is a complete dependence between
the variables.

4. When C approaches 1, the degrees of freedom approach infinity.

5. Two contingency coefficients can not be compared unless they
were derived from the same siz tables. These coefficients are
not directly comparable to any other measure of correlation.

12/69
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USER INSTRUCTIONS

Description of Input Data

Input of Raw Data

Problem Card

Parameter Columns Contents

1 6 *INPUT

NSMPLS 7 8 Number of samples on each deck of cards
(1 < NSMPLS < 10)

NTIMES 9-10 Number of decks

MISDAT 11 = 0 if no missing data are present
= 1 if *MSDAT card is to be read,
giving all numerical values besides
blanks that are to be treated as
missing data

NFMT 12 Number of Variable-Format Cards to pre-
cede each data deck

MOBS(1) 13-15 Number of subjects in deck one

MOBS(2) 16-18 Number of subject in deck two (if any)

Note: Parameters must be restricted so that 2 < NSMPLS * NTIMES

< 10

Variable-Format Card(s)

Parameter Columns Contents

1 6 *FORMT

FMT(1) 7-72 Format for one set in the following
deck by using F or E notation. (The
format may be continued on more cards,
in which case *FORMT must be punched
in Cols. 1-6 of each continuation card)

A set consists of a number of cards (usually one) on which are
punched the data for NSMPLS samples on one subject.

Sample-Name Card

One *SNAME card precedes each deck and gives identifying names to
the NSMPLS in that deck.

12/69
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000 0020

Parameter

SID(1)

SID(2)

EDUCOM

Columns Contents

1 6 *SNAME 0
0

7 8 Blank 0
t.)

9-14 Identification for first sample of the 0
deck

15-20 Identification for second sample of
the deck

etc.

SID(NSMPLS) Identification for last sample of the
deck

Missing-Data Card

Parameter Columns Contents

1 6 *MSDAT

NMISS 7 8 Number of numerical values (besides
blank) that are to be treated as
missing data

UNSUIT(1) 9-13 First value to be excluded

UNSUIT(2) 14-18 Second value to be excluded
. . .

.

. .

etc.

UNSUIT(NMISS) Last value to be excluded

Setup Card(s)

Parameter Columns Contents

1 6 *SETUP

NCTGYS 7 8 Number of categories to be defined and/
or deleted for the test that this card
specifies (This card is immediately
followed by *CTGRY cards equal in num-
ber to NCTGYS, 1 < NCTGYS < 10)

IDENT 9-14 Alphanumeric identification for this
test

continued
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Parameter Columns Contents

000 0020

IROUND 15-16 Power of 10 to be used in rounding off
numerical values in determining classi-

c)
c) fications into categories (usually 4)

IXFEQ 17 Zero (punched)

ISMPLS 18-19 Number of samples to be used to form
the table; i.e., the table will have
ISMPLS row (2 < ISMPLS < 10)

Special Case: If 99 is punched in Cols. 18-19, all
NSMPLS*TIMES samples will be used and
the rest of this card ignored

LSMPLS(1) 20-21 Sample number of first sample to be
used

LSMPLS(2) 22-23 Sample number of second sample to be
used

etc.

LSMPLS(ISMPLS) Sample number of last sample to be
used

Category Cards

Parameter

CID(J)

JTYPE(J)

12/69

Columns Contents

1 6 *CTGRY

7 8 If 1 < J < 10, category J will he de-
fined on the rest of this card

If 10 < J < 1, category J is being
deleted andthe rest of this card is
to be ignored

9-14 Alphanumeric identification for this
category

15 Category J can be specified in one of
three ways by using M parameter CTGY
(J,1), CTGY (J,2),..., CTGY (J,I),...,
CTGY (J,M)

= 1: implies that category J is the
subset of M numerical values CTGY (J,1)
step where 1 < M < 50 and I = 1,...,M.
(A sample valrie be-longs in this cate-
gory if it is equal to one of the val-
ues CTM (J,1) plus or minus 10**IROUND)

continued
(NI
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EDUCOM

Parameter Columns Contents

= 2: implies that category J is the
subset of numerical values from CTGY
(J,1) step CTGY (J,2) until CTGY (J,3),
where M = 3, CTGY (J,1) < CTGY (J,3),
and CTGY (J,2) > O. (A iample value
belongs to this category if it is equal
to some member of the above progression
plus or minus 10**IROUND)

= 3: implies that category J consists
of as many as 12 intervals

--The first interval extends from CTGY
(J,1) to CTGY (J,2), where CTGY (J,1) <

CTGY (J,2) and is closed on the left iT
CTGY (J,3) > 0 and is closed on the
right if CTGY (J,4) > O.

The second interval extends from CTGY
(J,S) to CTGY (J,6), where CTGY (J,S) <

CTGY(J,6) and is closed on the left if
CTGY (J,7) > 0 and is closed on the
right if CTGY (J,8) > O.

--Etc.

Note: A subject in any sample can be classi-
fied in only one category. Therefore,
if overlapping categories are defined,
the subject will be placed in the low-
est-numbered category for which he
qualifies.

16-17 1 < M < SO if JTYPE (J) <1
M 1- 3 if JTYPE (J) =2
4 < M < 48 if JTYPE <3

CTGY(J,1) 18-22 First parameter defining category J

CTGY(J,2) 23-27 Second parameter defining category J

CTGY(J,11) 68-72 Eleventh parameter defining category J

If and only if M >11, a card having *ETC1$$ in the first seven
columns must follow the *CTGY card. Columns 8-72 of this card
will contain the values of CTGY(J,12) through CTGY(J,24) in 13 F
fields of five columns each.

6

TgLZ

continued
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0 If and only if M > 24, a card having *ETC2$$ in the first seven
columns must follow the *ETC1$$ card. Columns 8-72 of this card
will contain the values of CTGY(J,25) through CTGY(J,37) in 13 F

0 fields of five columns each.

If and only if M > 37, a card having *ETC3$$ in the first seven
columns must follow the *ETC2$$ card. Columns 8-72 of this card
will contain the values of CTGY(J,38) through CTGY(J,50) in 13 F
fields of five columns each.

Reset Card

Parameter Colamns Contents

1 6 *RESET

Input of Frequencies (NSMPLS = 99 on *INPUT card)

Instead of calculating frequencies from raw data, the frequencies
can be read in by rows (samples) with columns representing cate-
gories. NFMT Variable-Format Cards are used to specify the format
for reading ICTGYS frequencies; the format is used over for each
of the ISMPLS samples. When this option is used, only one *SETUP
card can follow the *INPUT card, and the *SETUP card must be
immediately followed by a *RESET card.

Problem Card

Parameter Columns Contents

1 6 *INPUT

NSMPLS 7 8 99 (punched)

9-11 Blank

NFMT 12 Number of Variable-Format Cards

13-80 Blank

Sample-Name Card
4

Parameter Columns Contents

1 6 *SNAME

ISMPLS 7 8 Number of samples (rows) to be read
(2 < ISMPLS < 10)

SID(1) 9-14 Identification for the first sample
(A6)

12/69
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Parameter

SID(2)

Columns Contents

15-20 Identification for the second sample
(A6)

Category-Name Card

Parameter

ICTGYS

CID(1)

CID(2)

Setup Card

Parameter

IDENT

IXFEQ

Reset Card

Parameter

Card Order

(i)

Columns Contents

1 6 *CNAME

7 8 Number of categories (columns) to be
read (2 < ICTGYS < 10)

9-14 Identification for the first category
(A6)

15-20 Identification for the second category
(A6)

Columns

1 6
9-14

17

Columns

1 6

Contents

*SETUP

Identification for this test (A6)

Zero (punched)

Contents

*RESEm

CDC 6400 System cards
(ii)

(iii)
(iv)
(v)

(vi)
(vii)

(viii)

Problem Card (*INPUT)
Sample-Name Card (*SNAME)
Category-Name Card (*CNAME)
NFMT Variable-Format Cards
Frequencies
Setup card (*SETUP)
Reset Card (*RESET)

(*FORMT)

Repeat if
necessary

continued

8
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Input of Expected Frequencies

Instead of calculating expected frequencies, expected frequencies
may be read by rows (samples) with columns representing the cate-
gories. The variable format must be specified on one *FORMT card
to read ICTGYS expected frequencies; the format is used over for
each of the ISMPLS samples. Each sample starts on a new card.
All cards are punched as under (1) or (2) except that IXFEQ = 1

on the *SETUP card.

Card Order

(i) CDC 6400 System cards
(ii) Problem Card (*INPUT)

(iii) For I = 1 to NTIMES, repeat the following sequences.
NFMT Variable-Format Card(s) (*FORMT), Sample-Name
Card (*SNAME), MOBS(1) sets of Data Cards [each set
containing the raw data for samples (I-1)*NSMPLS + 1

through I * NSMPLS]
(iv) Missing-Data Card (if any)
(v) Setup Card (*SETUP)

(vi) NCTGYS Category Card (*CTGRY)
(vii) Variable-Format Cards for expected frequencies (*FORMT)

(viii) Expected frequencies

Description of Output

The first line consists of a heading and, if MREAD = 0, no frequen-
cies or expected frequencies are read in; if MREAD = 1, then the
above are read in and not calculated. The next set consists of
the sample identifications and the number of observations in each,
followed by the number of missing-data values removed in each
sample.

The next section consists of a heading for the trail number, the
number of categories, the number of resets (+ 1) that have occurred,
the IROUND value, the IXFEQ (= 0 or 1), and the number of the
samples that are going to be used to form the table. Next follows
the category numbers, the category identifications and the number
of categories. The final specification of the categories follows
this with the specification of the various variables being used.
After this are the unclassifiable observations for each sample
and the values of the observation.

The next secion consists of the calculated CHISQR and the degree
of freedom, the C coefficient, and the total number of observations
in the samples for the given trial. It is followed by the contin-
gency tables of the calculated frequencies, the expected frequen-

continued
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cies, and the percentages of samples in categories and percentages
of categories in samples.

Limitations

2 < ISMPLS < 10

Each sample consists of no more than 1000 subjects

1 < M < 50

2 < NSMPLS*NFIM:S < 10

1 < NCTGYS < 10

Job Deck Structure

Job Card
LIBRARY(CHISQR)
LGO.
7-8-9 (EOR card)

Program Control Cards and data decks (see
User Instructions)

6-7-8-9 (EOI card)

00
0

10

4rM6
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r
SAMPLE INPUT

cp
VL0R8.cH vCm42000. CH1S0R

CD LIRRARy(LHIsuH)
1.0n.

CD *1NPUT050111100
*Eckm7(5F1.0)
e5NAHE 0NE---TwO---THRFE-FOURFIVE--
8965

24346
65464
98746
64313
911413
35189
37861
19878

12100
34221
44632
56542
51321
7621

87945
97543
94343

24853
38963
34578
95638

35
34528
37845
21549
24973
64643
66666
34573
6627

55 33
57621

24665
34256
32548
32246
32447
35795
9842
*M5DATO1 9
*SETUP03TRIAL1-40 3 1 2 3

*C708Y016000-103 0 1 2
.C708Y02ME011.04304 2 4

*CTGRY03HAO---203 5 1 8
*SETUP01TRAIL2-40 3 1 2 3

*C7GRY-3
*SETUP01TRIAL3-40 3 1 2 3

*CTORY 3w0R5E-203 4 1 7

SETUPOOTRIAL4-40 2 4 5
SETUP01714/41.5-411 3 1 2 3

*C759Y-1
*SETUMn0TRIAL4-40 2 4 S
RESET

12/69
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SAMPLE OUTPUT

:mT.snUAnF TFcTc (InnFloFwoFrj 5AmPLFSI

SAMPLE In.

TwO---
NRFF.

FTVE--

ows,

In0

Inn
160
100
100

4IssING DATA vALuFS PFMOVED RLANKo 9000.

omE--- Fa
TWO--
THREE. Ag
FnUn-- 42
FTVE-. 41

:MT..SO TEST In. TnIAL1

jrTOYSn TnrSFT2 I mnI1Iin=lno0n0okinE.05

:CMPLSn 3...4 1 2 3

rTGY NO. CTGY TO ICTGYs

1 nnno-- 3

2 mE0IIIM 3

1 nAn--- 1

m4E4nr.n

TAFF:on 0

1TNAL SPECIFTrATTAN OF CATEGnRTES,
1CTORY 10000--.1, 3. 0.000. 1.000, 2.000,
1CTGRY 2914011,4.3, 4, 2000, 4000. -0.000. -0000.
ICTGRY 4, 5.000' 6.0009 7.000, A.00u,

'HE FOLLOWING (IF ANY) APE uNCLASSIFTAbLF.

SAMPLE NONIAFG 085E4VATTON

1 12 4.0000000E010
2 2 4.0000cooE.00

TWO-ft-- 2 S 4.0000000F+00
TNo---- 2 11 4.0000000E+00
TWO-- 2 12 4.0000000E00

THREE-- 3 33 4.0000000E+00
THREE-- 3 34 4.0000000E+00
THREE. 3 17 4.0000000E00
THRtE-- 18 4.0000000E+0U
THREE-- 3 75 4.0000000E+00
THREE-- 3 AO 4.0000000E+00

FINISH

12

7,!418

EDUCOM

continued
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1Htiqu 23.711A FOR 4 DEGREES OF FREEDOM.
CD !oNTINGENCY CrIFFIcIFNT= .314
C\I 'oTA1 N. omsgpvATICus= 218.0
CD
CD

CD
CD :REQUENCIES.
CD

GO0o.. mFD/oM

17.0A pa.N) 24.00

wn.-- 19.0n 500 55.00

'HPFF- IT.On 11.Ao 4H.00

:XPECTED FRFOuFNCTES.

noon-. mrDIum AAn...

NF.-- 15.3, 10.913 36.70

-wo.m. 19.:A 13.77 4A,o2

'HRFFm 16.414 13.25 44.2g

0 CFLLs HAVF FXPECTEn FRFwENCv LESS THAN oNE.
0 PFHCFmT OF THF CELLS HAVF FX0FC1FD FREWENCY LESS THAN FTVF.

rinFNTAGF5 OF s4mPLP.s (TO:. Ro-s) Tm LATEGORIFS.

mF..-

'wn...

HAFF-

26.4a 1407

7401c 6.13 64.62

72.17 14.47 63.16

FFTENITAGFS oF cATF()01Fs (I.E. COLUMNS) IN SAMPLES.

noon.. mr0THA 4An...

12.om c7.Am 1)100

WM.m. 1504M 111.16 41.11

HPFF.. 12.00 2m.QS 17.Re

12/69 13
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COST ESTIMATE

0 For the job listed on the Sample Input, the total running time was
2.036 seconds of central-processor time and 17.384 seconds of
peripheral-processor time with a memory useage of 42,000 words.
Chargeable computer time was $1.00 (Northwestern University mini-
mum job charge).

Charge to user = computer time + postage and handling + network
overhea'

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS CHISQR

pages

1,2
3-10

11-13
15

Identification 4 Abstract
User Instructions
I/)
Cost--Contents
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DESCRIPTIVE TITLE Discriminant Analysis for Two Groups
NI

CALLING NAME DISCRIM NUCC169

INSTALLATION NAME Vogelback Computing Center
Northwestern University

AUTHOR(S) AND
AFFILIATION(S) Biometrics Laboratory

University of Miami

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road
Evanston, Ill. 60201
Tel.: (12) 492-3682

FUNCTIONAL ABSTRACT

DISCRIM computes a discriminant function for contrasting two
groups and tests its significance. It also scores each subject
by using the discriminant-function coefficients. The analysis
may be repeated on subsets of the uriginal variables.

Rao's' discriminant-function coefficients are multiplied by a con-
stant so that the sum of squares of the coefficients is equal to
one; these are printed under the heading RAW DISCRIMINANT FUNCTION
COEFFICIENTS.

REFERENCES

1. Rao, C.R., Advanced Statistical Methods in Bicmetric Research
(John Wiley & Sons, Inc., New York, 1952), pp. 237-238, 246-248.

Anderson, T.W., An Introduction to Multivariate Statistical
Analysis (John Wiley & Sons, Inc., New York, 1958), pp. 126-138.

1/70
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USER INSTRUCTIONS

Preparation of Data

DISCRIM expects cards in the following sequence:

Title Card

Columns Contents

1-72 Any alphanumeric information to be printed on all
output sheets

Problem Card

Columns Contents

1 5 Number of variables, right-justified (maximum 100)

6-10 Number of subjects in first group, right-justified

11-15 Number of subjects in second group, right-justified

16 Blank

17 Number of extra Variable-Format Cards (in addition to
this card)

18 Blank: program will number variables consecutively
beginning with 1
=1: names of variables supplied

19 Number of reselections of original variables

20 Blank: the listing of sorted discriminant scores will
be printed unless the number of subjects in the com-
bined groups exceeds 5000 or the number of subjects
in one group exceeds 4500 (the program always computes'
discriminant scores and prints the classification
table)

37-72 Variable format for one subject (must begin and end
with parentheses and include subject identification
in A format, followed by his scores in F format)

Variable-Format Card(s) (optional)

Columns Contents

1-72 Continuation of variable format, if needed. (Up to
9 extra cards may be used, as specified in Col. 17
of the Problem Card)

1/70 3
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Group-Name Card

Columns Contents

1-12 Name of first group

13-24 Name of second group

Variable-Name Card(s) (optional)

Columns Contents

1 6 Name of first variable (any alphanumeric characters)

7-12 Name of 2nd variable

67172 Name of 12th variable. Continue on as many additional
cards as necessary. (The total number of names must
equal the number of variables)

Data Cards

The subject identification is first, followed by his scores on
the first variable, on the second variable, etc. The columns
must conform to the variable-format statement.

Reselection Cards (optional)

Columns Contents

10-11 Number of variables reselected

12 Card number within reselection, beginning with blank
or zero

13-15 Number of first reselected variable

16-18 Number of 2nd reselected variable

70-72 Number of 20th reselected variable. Continue on as
many additional cards as necessary, each to be num-
bered in Col. 12 and containing up to 20 variable
numbers per card

Finish Card

Columns Contenta

1 6 FINISH

4

continued
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Limitations

1. No more than 100 variables

2. No more than 99,999 subjects in each group; the two groups
may be unequal in size

3. The number of subjects must exceed the number of variables

4. No missing data. If score is missing (blank or minus zero on

the Data Card) , it will be detected and that subject will be

omitted from the analysis

Job Deck Structure

Job Card
REQUEST(TAPE4) HAND XXXX (if data are on tape)

LIBRARY(DISCRIM)
LGO.
7-8-9 (EOR card)

Title Card
Problem Card
Variable-Format Card(s) (optional)
Group-Name Card
Variable-Name Card(s) (optional)
Data Cards
Reselection Cards (optional)

FINISH Card
6-7-8-9 (HI card)

1/70
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SAMPLE IMPUT

VLORR.CH CM76100. DISCRIM
LIRRARsquibcHIM)
LOO.
PAllEt7Sit SISTORy ItEwS AS PR201cTORS ORM RESPONSE AFT2R FI112 WEEKS

5 13 20 11 (6K1 43, 23x, F1.0 / 14X, F1.0,
F2.0, 9X, F1.0, 4x, F1.01
RESPONDERS NON-RESPOND.
ONSET HOSP WEEKS EDUCA OCCUPA
04 101 012618 11231 2 5 11 55555455554555556241121
tit% 101 02260 0

fmrsereznirerrr-tal 11 6 2 9 0 0 00

04 103 012921 1 1 2112 8364 1 55555255555555552251332
04 103 02280 0 00373222831212 466 1 2 4 0 0 011522
04 107 014111 1 1 2231 7 5111 1111113555555555555555624311)
04 107 02380 0 0038322261122 39 16 4 2 3 0 1 02 75
04 117 013221 1 1 2231 2 12 1 25525555555555558145111
04 117 0225219111 142253222761721 5532 46 1 0 1 0 0 01202671
04 119 012318 1'11 4 531 11111 55555455444455556234

04 119 02150 0 1 013712227112114664 66 2 1 2 0 0 00
04 129 014511 1 1 21344570511 11 11151345355551555552151221
04 129 0244212 1 2328122258411290 1016 4 3 8 0 1 0217 77

04 130 013717 1 1124 4324111 1 II 5555515 551155556244121
ue. 130 0231540111 10524122241121 6! 411 2 1 2 0 0 01212045
04 131 012421 1 1 2114 5 321111 1 111153555455544555454141222
04 131 02171 2 1 8443612217512115558 15 1 7 5 0 0 11142656

. .

:

a, 123 014827 11 2233 16 5111 111111144444444444444446244121
04 123 02330 0 0383221784222 66 1 78
04 124 012717 11 1 1121 6 61 1 1 1 55555255453555556255111
04 124 0216260 1 2222411227811115052 11 1 0 I 0 0 012419
04 125 013626 1 213120 6 1 1 11154545245453244552111111
04 125 02320 0 1 1 025222283121262 126 0 0 1 0 0 01172236
04 133 013811 1 2113106051 1 111111155555553151511556223321
04 133 02370 0 00342222411221 63 4 0 2 1 0 0 0230 48

04 135 0136181 3112 1 61 1 1 1 11 1 5555455444455456234121
04 135 02360 0 0341222711222 353566 1 0 2 0 0 00
04 136 015824 1 112 6 321 1 II 5554545555235555622
04 136 02552 11 236333276222 66 5 2 1 123

04 138 012314 1 1 113410 931 1 111 11 55555155555555558123311
04 138 02230 0 002522216111114461 15 3 2 3 0 0 00
04 139 013211 1 1 2232 9284 1 1 1 11145555555555555551121111
04 139 02320 0 1 001522217111115564 11 3 6 4 0 0 01201975

04 141 012318 1 1112 4785 1 1 11115551555555115555412111!
04 141 02210 0 1 1 022522224842115454 41 0 0 1 0 0 00

04 142 013721 1 1 215429 6111 11 15355515355225455825122;
04 142 02311 3 1 125222243321262 1811 4 2 5 0 0 02202255
04 143 014518 11 111212 53 1 111 55555435153455453141111
04 143 0243112 11 3132422223841117353 15 1 1 3 0 0 00
04 147 0149261 3151 8 5 1 111 5554543344445555623333
04 147 02490 0 003632228342 66 0 1 1 0 1 0126 55
04 149 014227 1 1 1234103041 1 11 111 55555255555555558121121
04 149 02311 11 13414222283121253 3511 0 0 1 0 0 011730 4
FINISH

1/70 7
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SAMPLE OUTPUT

VOGEIRACK COMPUTING CENTER
NORTHWESTERN UNIVERSITY

DISCRIM DISCRIMINANT ANALYSIS FOR TWO GROUPS

PATIENTS* HISTORY inms AS PREDICTORS OF DRUG RESPONSE AFTER FIVE WEEKS

FORMAT OF DATA CARDS (6X. A3o 23X. F1.0 / 14X. F1.0.
F2.0, 9X, F1.01 4X. F1.0)

SUBJECT 136 OMITTED FROM ANALYSIS BECAUSE OF MISSING DOA
SUBJECT 149 OMITtED FROM ANALYSIS BECAUSE OF MISSING DATA

VARIABLE

HOSP

WEEKS

EDUCA

OCCUPA

ONSET

".352

-.304

.447

01*

HOSP

801

098

WEEKS

.234

.083

EOUCA

697

RMS. STANDARD DEVIATIONS

VARIABLE MEAN

CORRELATIONS

RESPONDERS NON.RESPOND.
13 SURJECTS 18 SUBJECTS

STANDARD STANDARD
DEVIATION MEAN DEVIATION

ONSET 3.231 1.536 4.27R 1.638
HOSP 1.308 1.797 .779 1.166
WEEKS 8.923 12.790 13.167 24.945
EDUCA 6.000 1.958 5.056 1.349
OCCUPA 5.389 2.293 5.944 1.765

8-'

:r356

continued
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CLASSIFICATION TABLE (ASSUMING EQUAL A PRIORI PROHANILITIES ANO EQUAL COSTS)

ACTUAL CLASSIFIED AS
RESPONDERS NON.RESRONO.

RESPONDERS 12 1

NON-RESPOND. 5 13

MFAA AND STANDARD DEVIATIONS OF DISCRIMINANT SCORES

GROUP MEAN
STANDARD
DEVIATION

NUMBER OF
SUBJECTS

RESPnNOEpS .7B7 .622 13

NDNRFSPOND. -.TAT 1.095 19

ComR/NED .127 029 31

CD
CD

1-4 10

258

EDUCOM
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COST ESTIMATE
0
0 For the job listed on the Sample Input, the total running time was
0 0.744 seconds for central-processor time and 18.791 seconds for0
0 peripheral-processor time with a memory useage of 76,100 words.

Chargeable computer time was $1.00 (Northwestern University mini-
mum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS DISCRIM

pages

1 Identification & Abstract
3-5 User Instructions

7-10 I/0
11 CostContents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND

000 0022

Eigensystems of Nonsymmetric, Real Square
Matrices

EIGSYS NUCC126

Vogelback Computing Center,
Northwestern University

James Van Ness
AFFILIATION(S) Department of Electrical Engineering,

Northwestern University

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY

CONTACT

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201.
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

EIGSYS produces all eigenvalues and eigenvectors (both real and
complex) of either symmetric or nonsymmetric square matrices hav-
ing real elements. EIGSYS calls various subroutines to calculate
the eigenvalues, the determinant and the eigenvectors. The trace
and determinant of input matrix A is compared with the sum and prod-
uct, respectively, of the.E values. The righthand eigenvectors X(I)
and the lefthand eigenvectors V(J) of A are printed along with
their respective residual vectors (A*X(I) 7 LAMBDA(I)*X(I)) and

V(J)*A-V(J)*LAMBDA(J)). The squares of the residual vectors are
printed for convenience in checking the accuracy of the eigensys-

tem. After finding each E vector, EIGSYS then uses the Rayleigh
quotient' schame to correct the original E value, which in turn
produces a 1;orrected E vector along with new residuals. A second
correction is applied that produces a further refinement of the

eigenvalue only. The sum and product of the corrected E values

are printed at the end of the output for each matrix. EIGSYS re-

peats this computation for each matrix in the data-input stream.

REFERENCES

1. Martin, R.S., and Wilkinson, J.H., "Solution of Symmetric and
Asymmetric Band Equations and the Calculation of Eigenvectors
of Band Matrices," Numer. Math. 9, 279-301 (1959).

12/70 1
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USER INSTRUCTIONS
0
0
0
0

Description of Input

0 Control Cards

Parameter Columns Contents

1 2 Number of rows (and columns) in in-
put matrix

3-15 Blank

IFMT 16-79 Variable format to be used in read-
ing input matrix

80 Blank

Data Cards

An input matrix is read in rowwise according to IFMT (variable
format, N rows are read, each containing N elements). Each new
row begins on a new card.

Note: The sequence of cards above (including a new Control Card)
may be repeated for as many matrices as needed. However, the max-
imum size that EIGSYS is able to handle for any particular array
is 46X46.

Description of Output

1. Input matrix A

2. Eigenvalues as found with the iteration number on which the
algorithm converged to that value

3. Eigenvalues repeated with ordinal number

4. Trace and determinant of A compared with the sum and product
of the eigenvalues

5. Righthand eigenvector X and lefthand eigenvector V along with
their respective residuals (A*X-LAMBDA*X) and (V*A-VLAMBDA)
printed columnwise with the value of lambda used

6. Eigenvalue condition indicators SW1, COUNT, and ERR (see des-
cription of parameters SW1, ITER and DIF in subroutine EIGVEC
writeupl)

7. Squares of the residual vectors can be used as an estimate of
the accuracy of the eigenvalueeigenvectors

8. Corrected eigenvalue (from the Rayleigh-quotient device)

9. Steps 5,6,7 are repeated, using the corrected eigenvalue

10. Record-order corrected eigenvalue is displayed
continued

6/69
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11. Steps 5-10 repeated for each eigenvalue

12. Step 4 repeated at the end of the output, using the correct-
ed eigenvalues

13. Steps 1-12 are repeated for each input matrix

Error Indications

Appropriate warning messages are printed by subroutine EIGVEC when
apparent multiple eigenvalues are detvcted and/or when EIGVEC fails
to converge in 15 iterations.

Job Deck Structure

Job Cards
LIBRARY(EIGSYS, EIGVEC, ASQR, HESSEN, QREIG, DE1SP)

LGO.

7-8-9 (EOR Card)

Control Card for 1st input matrix
Data Cards for 1st input matrix
Control Card for 2nd input matrix
Data Cards for 2nd input matrix

MINIIIMI11.11

6-7-8-9 (EOI Card)

Repeat for any

additional matrices

REFERENCES

1. Mazukelli, D., Waye, E., and Van Ness, J.E., "Eigenvectors of
the Real Square Nonsymmetric Matrix," Northwestern Univ. Com-
puting Ctr. Library Program EIGVEC NUCC127 (subroutine) (1967).

4 6/69
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SAMPLE INPUT

riPq,CR 0 A4:01".

0
ATAP4PY(F1GSYc.FIr:VF(,AST('HFSSw'141.4foint.1SP)

0 A100 (4F2.r)
2 A 4 1

(1 4 P 0
4 7 1 ?

1 n ? 3

n A 0 0 n 4 1

nnonn 4
n 0 n 4 ? P

^ n 0 o I 0 p
(7F2.0)

1 2

1 2

o, 1" 1.
i 44 cA

1 4 A 7 R
4 =A7R9
4 A 7 A oln
A 7 R 91(111

(aFA.n)
1.11FInn 1.0F.01 1.(J.02 1.171F.170 1.nr.04 1.0: nr, ;vele+ 10F.0?
1.nF.01 1.(1F.12 1.nf.63 1.OF04 1.nc.01 10F.o0, 1. vint
1.pr.02 1.OF,nl 1.o-eve 1.AFeAt 1.Arop, 1.0.n,
1.nF.n3 1 ow.04 1.OFIos 1.1Fnk. 1.nF,but 1.nvInn 1. 4.'"
1.AF*04 1.1F.nt, 1.el,e06 1.OFn7 1.0FIUM 1.nFInn 1..cIl- 1.0F.11
1.11F.05 11F.OA 1.nr-.07 1.OFno 1.0F.1.14 1.0FIn 1..1 I 1,0F .12

1.11F06 1,0F.07 1.0.0s 1.C.F.04 1.nF.19 1.nF.11 1.0Fe11
1.nF.07 140F.00 1.0p.og 1.oF*1P. 1.nFel1 1.(1F.12 I. vAli 1.0F*14

6/69
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..ViTVi)

.4)( 1

n 1

"40 3 1

3IA (1 0 4
mx q a 4
Yx 1.1 n A
P'X ,7 7

vs( 1 1 4

242,11.1cy
2k2k,f1.0,1

2x7,10.A.,

,oSTF1 A
MA A 0 1

MX A 0 2
X A 0 1
14A A o 4
MX A
MX f, o A
41141/K nn
41(4qK 11
AX4dK 12
HX.41/K A1
HX1410( n4
AX41/4 A%
NA40( nA
AY.A.o(

4441/1(
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SAMPLE OUTPUT

So, 1 .1 IIIIT)ii e..

PC. 1

;?.()11 ,1 I) :0(,0(+00 -0. -n. -n. IN)

40,J0F01.,

pr.1 /

n. .0. -0.

0. 0. 4,000F400 P.000,400 3.000F400 2000E400

14:10

V. I). 0. 0. 1.000F.00 0. 7.000F.00 3.000E400

.,pAL PAkT 1m,61H1i11'f POT TAKFN AS 1040 ITEPATION Nno

1.9")k3Q3P41:.00
-1.940hol7HP.00
8.0i1L,,fiRA0,00 0.
i..w4g6.171F+00 4).

10.1(,.0-3?4F.00
-1.44w037HF*00 0.
H.1,401?58R(17.00

3.9(44C.1 ?iE400 0.

F1SFNVALUFS FOUNO HY owEl(i

wl.( 1) 1.14),44517(17E.00 0. NO.( 2) 8.065P5AA11E400 n No.1 3) .1,940603775F400 0.
NO.( 4) 1.9SPI4932340,00 0. NO.1 5) 3.918951707E400 0. No.( 6) R.065256831E400 O.
NO.( 7) 1.94Uh0J/71-4.400 0. NO.( A) 1.95639121AE400 0. NO.(

TRACF OF 1NPIIT e.40000n0n0E401
slovi OF FInINVAL:lhc = e.400000000E401

OFTERMINANT CF INPOT MATPIX 1.440000000E404 * n
PRONCT OF EIGrNvaLuES = 1.440000000E404

6

264

-)

continued (- )
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K. H. E-VFCTnk

- 3.012$43746i0-01

I.UOLMOOno"00
- 4.0924146q,k-Ue
- 4.16052373c/E-01
- 3.u12143f4;14F-01

1.00000(0104.F.vo
- 4.05241464?F-02
- 4.160521749F-J1

L. H. LVFC1 :"4 CF A

inl?P371.64F-n1
1.0nuo0n000F.00

- 4.0"414642E-04,
- 4.010',7-473uE-01
- 3.o17,43/464r-01
1.n.)1,000(J00F.00

- 4.oc?414b421-02
- 4.1..nc,,,171c)F-01

(A*X LAMPIDA*)(1

^6.Q44.40??97Ell
2..041PMA271EiP

-4.....0,494E 14
- 0.4959367433E-13
- 6.4..44o2P97E-14

2.?817A6)?/1E-1.,
- h.14Q045694E-14

000 0022

(V*41 - u*LAmpflA) FnP 0wHUA( I) = 3.91R95.1707F.O

- 6.R..c.A6?g64F-11

7.?g6171?S2F-t?
- 7.14A44331RF-14
- 9.461970675F-1
- A.A4c642964F-11
7.7,4,-,1712SiT-12

- 7.14R40,331RE-14
..Q.4("1.17(1b7SF-1

S41 = 6.93R449h1F-12 CCONT = F1414 = 4.H2n3A6128F-1?
R.H. QESTDUAL vfOtr., SWUAHFO = 1.31941c23g4F-?3 L.H. RESIntlAt W.C.Tro SluAkFD = 1.31,112179nF-pl

000 0022
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EDUCATIONAL INFORMATION NETWORK

000 0022

COST ESTIMATE

For the job in the Sample Input, the total time was 0 seconds for
0 central-processor time and 1.061 seconds for peripheral-processor
o0 time with a memory useage of 50,700 words. Chargeable computer

time was $1.00 (Northwestern University minimum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS EIGSYS

pages

1 Identification & Abstract
3,4 User Instructions
5-8 I/0

9 Cost--Contents
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EDUCOM EDUCATIONAL INFORMATION NETWORK

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0023

Program Deck Identification Field Sequen-
cing Program

IDSEQN NUCC128

Vogelback Computing Center,
Northwestern University

Vogelback Computing Center,
Northwestern University

cpq FORTRAN IV
j.

CDC '46400

Deck and listing presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201,
Tel.: (312) 492-3682

The program reproduces FORTRAN, COMPASF, and ASCENT source decks
with the ID field (Cols. 73-80) containing

(1) either a 2-, 3-, or 4-alphanumeric-character identificatior
code;

(2) either a 1- or 2-digit subprogram number (this may be omit-
ted if desired);

(3) either a 3- or 4-digit card-sequence number within each pro-
gram.

Each time an END card (END may be in any Cols. 7-72) is encoun-
tered, the subprogram number is incremented by one. Multiple
decks (with a separator card and a new control card between each
deck) can be run at one time. Printed output consists of a list-
ing of the sequenced deck (each subprogram beginning on a new
page), with the original ID field printed optionally to the right
of each card listing.

8/69
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000 0023

tr)

USER INSTRUCTIONS
0

Description of Input Data
0
0 The input data to IDSEQN consist of a control card, followed by

the user's program deck beginning with the program card and ending
with an END card. If more than one program deck is to be proces-
sed, each subsequent deck must have a separator card in front of
its control card. See below for description of separator and con-
trol cards.

1. Description of the Output Options

A. Option 1 (OUTPUT)
(i) A 2-character alphanumeric identifier (ID) punched in

Cols. 73-74 of the reproduced deck
(ii) A 2-digit subprogram number (modulo 100) punched in

Cols. 75-76. This number begins with Y and is incre-
mented after each END card is encountered

(iii) A 4-digit card number (modulo 10000) punched in Cols.
77-80. This number begins with 0 and is incremented
by 10 for each card of a program or subprogram. It
is reset after every END card

Control Card (first INPUT card)
ID in Cols. 1-2
Blanks in Cols. 3-5
ICODE in Col. 6 (see below)

B. Option 2 (OUTPUT)
(i) ID punched in Cols. 73-75

(ii) A single-digit subprogram deck number (modulo 10)
punched in Col. 76

(iii) Same as in Part A-(iii) above

Control Card (first INPUT card)
ID ih Cols. 1-3
Blanks in Cols. 4-5
ICODE in Col. 6

5/69

C. Option 3 (OUTPUT)
(i) ID punched in Cols. 73-76

(ii) Single subprogram deck number (modulo 10) punched in
Col. 77

(iii) A 3-digit card number (modulo 1000, by 10's) punched
in Cols. 78-80

3

continued
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000 0023

Control card (first INPUT card)

ID in Cols. 1-4
Blank or zero in Col. 5

ICODE in Col. 6

EDUCOM

D. Option 4 (OUTPUT)
(i) ID punched in Cols. 73-76

(ii) Subprogram number omitted
(iii) A 4-digit card number (modulo 10000, by 10's) punched

in Cols. 78-80

Control Card (first INPUT card)
ID in Cols. 1-4
A nonblank, nonzero digit in Col. 5
ICODE in Col. 6

2. ICODE

A nonblank, nonzero ICODE causes printing of the original ID

field of the input deck to the right of the new ID field on

the output listing. The punched output is not affected.

3. Separator Card

The separator card is used only between decks and is always

followed by a new control card. It is punched )))((( in

Cols. 1-6. (3 right parens.followed by 3 left parens.)

Job Deck Structure

Job Card
LIBRARY(IDSEQN)
LGO. to increase line count: LGO(LC-N)

7-8-9 EOR
ID control card for deck 1
PROG

END
SUBROUTINE

END

Program Deck #1

(continued on the following page)

ti4
4

7070

continued
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00
0

EDUCOM

FUNCTION

iND
IDENT

END
SUBROUTINE

END

END
)))((( Separator card
ID control card for deck 2
PROG

END
PROG

END
6-7-8-9 EOI

EDUCATIONAL INFORMATION NETWORK

000 0023

Program Deck #1

(continued from the previous page)

Program Deck #2

Program Deck #3

Description of Output

The punched output was described above. The printed output con-
sists of a listing of the punched output with the original ID
field shown at the user's option. Each program or subprogram be-
gins on a new page.

The message JOB COMPLETED appears on a page by itself at the end
of the listing.

Error Indications

None

5/69

continued
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000 0023

Limitations

EDUCOM

CM required 43000 . There is no limit to the number of data cards
that can be processed.

Remember that each input card requires one line of printed output
and one card of punched output, so adjust your job-card parameters
accordingly.

Caution: Remove all control and EOR or EOI cards from your pro-
gram decks. Do not submit your own input data unless you want them
reproduced and punched in Cols. 73-80 with sequence numbers.

6

"12
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SAMPLE INPUf

APP2AYIIDSEIANI
oC443000. IOSEON

r

CD
0

CD THE DECKS THAT FCLLOW ARE USED MERELY TO INOICATI. WHAT 4DSENN (VIES
CD AND ARE NOT TO BE CONSTRUED AS ACTUAL PROGRAMS.

A COPY OF
THF CONTROL CARD FOR THE FIRST JOR FOLLOWS s o

1W 1

THE ALPHAMERIC FIFLO IN COLS. 12 WILL RE REPRODUrF0 nm ALL
PRINTED AND PUNCImED OUTPUT IA COLS. 73..74,

THE NONZERO DIGIT IN COLUMN 6 INDICATES THAT THf DRIGINAL
IDENTIFICATION FIELD IS TO RE PRINTP UNDER THF OFW FIELD,

THE PROGRAM RErOGNIZES ANY LEGAL FNU CARD AS A SuRROUTINF

TERMINATOR.
//MI
IN I

PROGRAM TEST(CUTPUT,INPUTOAPERAINPOoTAPF6wO(JTRUNTARE701

DEMONSTRATION nF OPTION 1

xl n

;TS 4 n

ENO
FUNCTION TERM(A,N)

.

:TTZ 1 lll

91 PRIrORP941;12:012011HR)/SKo2AHTERR CALLFO WITH AgnUmFNTS InoTAL1PTS 1 P
10X0020/5X02OHNO ACTION TAKEN /2)012011H*)11 ?TS I 3

00 1 Is1,100 ?TS 2 4
Jm2wI1
CALL STROIR(STROIR(STRDIR(0,X(MoW(J)),W(J,1)1 ;TT:; :
CALL SETUIRIO,NADOWIW(J)),NADOWCW(J)),X(I))

1 CALL SETOTRI10.1,404150WW.1))
CALL SETDIRCEoNADOWCW(J)/oMAO0W(WIJ)),WIJII

iii i i
Do 2 IsI.N

2 AI(I)00 :TT: : 11 1(1

KNo2 PTS P 12
DO 1 Imi.102 PTS P 11

'1 CALL SET0p111,4.10AnOVIM(I.2)).m(I) ) ?TS R 14
RETURN 275 2 14

0000000001111111111222222222233333333334444444444b5SRW55S640,44444447777777777A
12345670901234567890123456789012345679901234567A901214547R9n123496749n1P14%47490

PAP)

FUNCTION NUCELLIX) RTS 3 0
COMMON AVSL
NmLNKR(AVSL) ?TS 1 ?

IF(m) 1.201 ?IS 1 1
k PRINT 901 PTS 1 4
STOP PIS 1

1 IF IIOCCONT(M)).113,4,3
T4 CALL IRALST(CONTIM41)) :T; ';

CALL SETDIRCIoIoLNKACCONT(N)),AVSL) ,TS I A
CALL STPIADIO,M14 PIS 1

CALL4=1001.1) ;!TS 1 In
275 3 11

RETURN PTS 3 12
901 FORMATI1M1A6RASSMLIST OF AWAILARLK SPACE FXHAORTEU PronOptim TFPN pTS 3 11

1INATED 1 2TS 3 14
000000000111111111122222222223333M3334444444440916SSSSSSS664664444477777777774
12345075901234507PRO1234507890123456TAG012345674901214667A961?34567/19A1?345674O6

R ENO
C 5 E AO

FEAO
E ND

rhO
00000000011111111112222222222333333333344444444445SSSSSSSSS646644444477777777779
1230099012345678901234567890123456710012345670901i34567m9n12345471041214s6749n
ENP

5/69
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000 0023

A COPY OF THF nOnTwoL CARO FCR THE NEAT DECK FuL4noiS

oENONSTRATION nF oPTION

ENn
FUNCTION VISIT(A0) TST 0 n

PRINT I TST I 1

I FORMATI1OH REFERENCE To VISIT WAS MADE
CALL EXIT

RETuRm TsT 4 4

0000000001111111111222222222233333333334444444444s5sS55sSSShAS60,6s6AoTTTT7TTTTTA
12145678901234567R9012345678901234S6TRV01234567P901R146U37R9ningesATA9n1,34soangn

END
0 E ci

0FUNCT:ON TERM(AgA) TST
TST 7 7PRINT 91091.1

91 FDRMAT(2X,12011H0),5X,26HTLRN CALLFO wITH A0FUMENTS IDCTALITST A 0

1 10X+2020/SX,2OHND aoTION TAKEN /21,120(1m*))
TTZTTIcIORETURN

DO I Is1,100 TSTIA lo
J211I.1 7%117 170..

CALL TSTIA 10STADTP(STADIRISTRDIPIWITI/oWIJIloWIJ.1))
lqCALL SETDIR(O,MADOVIw(j)),HAnOVIW(J)1,XII))

TZPTTI:CALL SFTDIA(20400(WIJ)),NAO0VIW(J)),W(J)I T

VT7 ,1 :;2
1 CALL SFTDIR1"1,-1,4095,W14,1))

TDO 2 IeloN (

2 M(T)80
KsN.2

TST:3 21
TsTP4 24

DO 3 Tel,K,2
CALL SETDTRI-1,..104AnOVIPAII,P)11041/))

TTTTTT7'757 F.;CALL SETn1R(O.MAUDV(mINalflomAn011(m11)),AvSLI
RETURN TsTPA pm

00000000011111111112222222222333333333j4444444444bS$ssSSSSSW60,60AA4MTTTYTTTR
123456789012345671490123456714901234S6T9V0123456molev.S6TIRnIR34567R9n12345679A

ENn
ENn
ENO

ENO
00000000011111111112222222222333333333J04444444445SSS55S5S5bAA66AAA6A77T7777777A
12345678901234967F091230670901234567090123067A9nIn4S67A9A1214sA7AcIAI,34SA7A90

F END

ENDm

.8

.4

ENI)

F"If)

....=mse. n,

continued
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000 0023

A COPY OF THE cONTROL CARn FCR.erIF NEXT DECK FoLLowS

OEMONSTRATTON oF OPTION 3
PTS 4 1

END
FUNCTION NuISTRILNKP,LNKH1 T5T41110

C TA7*Aill

NULSTRaLIST19) T5T.4112
IF (IOICONT(LAKP11-211,2,1 T5144111

2 CALL SETINOIPAULSTR,NLLSTRoULSTR1 TcT414114

RETURN T6TAft1S
p0060000°11111111112222222222333333333.14444444444W35555s55AAA6AAAAAA7777777777A
1234567119012345670901R34567090123456711901234567A901?-4456749n1P3456740012145A7A0n

END
FNo

SUBROUTINE RCELLICELL1 lw 0 0

C 1W n In

COMMON AVSL 1w n 29
CALL ScTINn1-1.-1.CE1L,LAKLIA$AL)) 1w n 10

CALL SEMA(mlICELL,-),AVSL) , lw 0 40

CALL SFTIND1.1,1.0,CELLI lw 4 50

RETURN Iw n An

00000000011111111112222222222333333333J604444444445SWAS5556.AA6AAAAAA7777777777m
12300TSP01234567890123456709012345674901234567Anele44567A9n12345A7Ann)7345Aunn

-.:.

1 0 END
111(11

A COPY OF THE CONTROL CARD FCR THF NEXT nECK Rqunws

DEmONSTRATION nF OPTION 4

END
SUBROUTINE ACELLICELL) HA A n

'4 2 17COMMON AvSL
CALL SIMNO(,1,01,CELL,Lh(LIAVSL)) AH A in

AACALL SETD1R1.4.CELLI1wAVSL1 A 40

CALL SETIN111.1.1,0ICELL)
RETURN

000000000111111111122?222222233333333334444444444555A54555564AAAAAAAA777RH A 7n
123450711901234S6TRPOI2S4S67090123456714901214567A9nRiASAWW)2345A7'inn1 pHM A An

1 0 END Qi
FUNCTION TERMIA.031 1(44:44 ;

PRINT 9100 AR 7 In

91 FORMATI2X,1201110)/BX,2AHTERM CALLF0=017111414117NTK IncTAL)11:
10A0P02015X,2OHNO AM* TAKEN

RETURN RP 7 40
00000000011111111112222222222333333333344444444405S55555556AAAAAAAAA7774R 7 13n
12SASIOSP01234567R901234567A901234567R901234S67A9n1R1067A001P34567annipRR 7 14n
ENO RH 7 15n
FND RB 7 16n

END AR 7 I7n
1 END RH 7 1110

5/69
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SAMPLE OUTPUT

THE OtCKC TMAI Apt. l_cto VFJOIY Tn IMOICATF wHAT TOSrnN nnES
AND ARV k.nT TO og ,70.1.;Twillir A5 ACIJAL PPo6PAP..S.

0

0

n

b
10
20

A cow( nr
0 30

THE ruNTonL rAk, p.11, tF FroSY ir Fnu.045 . 0 40
0 50

1 0 60
0 70THF 4LRHA4P4TC 1-10D T:01q. 1.2 q1LL REPOnnEn ON ALL 0 80

PPINTE PIh ooncAo qoTOOT TN CTIL2.
0 90
0 100

THE 100%-.2g4O 01.111 fy rOLO.0.1 6 TNUTCATES TWAT THE OATGTNAL 0 110
10ENTIFTrATTnN 1.1r:Ln lc% TO 4k PPINTFO UNOF0 THE NFW FIFLO, 0 120

0 130
0 140

THE PHIGoA, PECwiNi/k5 ANY TFGAI L%0 CARD AS A SUBRAUTTNE 0 150
TEDHTHAyno.

0 160

EDUCOM

NFW ID. 0LO TO.

PTILMLIAM TgS1 IOUTPOTITN2LT,TA0F5=THAUTIITA2F6sOOTPUTIITA2F20) 1W 0 0 iTS 4 0

1w 0 10
1w 0 20

nEmnwSTPATTO (74. OOTIOn. ]
1W 0
1W 0

30
40

1W 0 50
1W 0 60
1W 0 70
1W 0 80

NEW ID. OLO ID.

rilmrTTOK TE4MIA.0 1W 1 0 TS 1 0
PoTha 410,1 1W i 10

Q1 g: 1 2FOuHAT(0.1P011H0)/,;X,PbHTEQM CALL1:0 WITH ANAUUENTS (OCTAL)1W 1 20
1 1ww,2(.A0/iX.2nHNC ACTTON TAKEN /211,120(1H0)) 1W 1 30
nn 1 Tw1.10e lw 1 40

2TS 31

?TS P 4
J2?4y-1
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1,e) COST ESTIMATE
0
0 Based on productiun runs for the CDC 6400, IDSEQN uses approxi-

mately 60 seconds of CP time and 60 seconds of PP time for 2500

0 cards of input data. The CP time can be linearly extrapolated for

greater or lesser amounts.

For ne job listed on the Sample Input, the total running time was
5.219 seconds for central-processor time and 19.985 seconds fur
peripheral-processor time with a memory useage of 43,000 words.
Chargeable L,Aputer time was $1.31.

Charge to user = computer time + postage and handling + network
overhead

= $1.31 + $15.00 + network overhead

= $16.31 + network overhead

CONTENTS--IDSEQN

pages

1 Identification 4 Abstract
3-6 User Instructions

7-13 I/0
15 Cost--Contents

4/70 15
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACTr

INFOL (Information-Otiented Language) is a generalized information
storage and retrieval system that permits the user to extract se-
lected pieces of information from a file, presented quickly and
conveniently in their original form.

The INFOL language, a subset of English, was designed to be learned
and used easily by those without a programming background or a
knowledge of computers.

INFOL is a free-field language, thus eliminating the requirement
for any part of the language to appear in specific columns of a
punched card. Although punched cards are used, the concept of
cards as unit records is generally avoided. The concept of an
information field, implying limited word size, has been eliminated
in INFOL; the user need not be concerned about how many characters
to assign any piece of information. All information used as input
is treated as a variablemplength, but continuous, string of charac-
ters. The output may be a printed report or it may be a punched-
card deck to be used as input for another computer application.

continued

000 0024

Information-Oriented Language--A General-
ized Information and Retrieval System

INFOL

Vogelback Computing Center,
Northwestern University

Dr. Jacques Vallee,
Control Data Corporation

Robert Chalice
Department of Industrial Engineering',
Northwestern University (CDC 6400 version)

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,

ik Evanston, Ill. 60201
1Tel.: (312) 492-3682
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INFOL includes several basic information-retrieval operations. It

first allows the user to store (and later to modify) quantities
of data. The system requires no input commands; files of infor-
mation are established by the user with a single control word,
followed by data descriptions and the data. INFOL also facili-
tates the selection and retrieval of information from the files
according to specific requirements (retrieval criteria). The com-
prehensive examination (interrogation) of stored data, based on
efficient retrieval criteria, is the heart of the INFOL system.

REFERENCES

INFOL for the CDC 6400 is based on INFOL as developed by the
Control Data Corporation for the CDC 3600/3800 computer. North-
western University gratefully acknowledges CDC's support in per-
mitting it to utilize INFOL as the basis for the 6400 version and
for permission to use the INFOL reference manual number 60170300
to produce its own manual, "INFOL for the CDC 6400--Information
Storage and Retrieval System" (Nov. 1968). Support was also given
by the U.S. Air Force Office of Scientific Research: "ManMachine
Interaction in Information Retrieval Systems."

0
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USER INSTRUCTIONS

0 Since the INFOL system is both a language and a processing system,
0 it is necessary for prospective users to obtain the INFOL manual. 10

This document contains all instructions for preparing and submit-
ting input to the system as well as detailed explanations and
descriptions regarding optional processing features.

The following pages provide a small amount of information about
the system, its general operation, and some salient definitions.

Terminology

The file is the largest information unit handled by INFOL, dealing
with one subject. A file is made up of elements, consisting of
data items bearing on a single subject. Thus, an employee file
would consist of a group of elements (item lists), each element
representing one employee. An item description defines each item;
although usually short, the description may be any length. Ele-

ments are of variable length, depending on the items.

The concept of a multiple item is a powerful feature of INFOL and
should be considered by the user when defining items. A multiple
item comprises several subitems. The user need not specify a max-
imum number of subitems, or how many characters are to be reserved
for each subitem. (Multiple items are more fully explained in the

INFOL manual.)

Initially, when item descriptions are listed, they are followed by

their item numbers. For all other steps, such as when actual item
values are entered (in the information column), item descriptions
are not required. Item numbers are always necessary and must pre-
cede all item data, except item descriptions.

Character Set

The INFOL character set is essentially the standard BCD code, with
three characters reserved for special use by INFOL: the asterisk
and the left and right parenthese:;. The asterisk is used exclu-
sively as a separator by INFOL; any other use is prohibited. Pa-

rentheses have a special application in INFOL, where logical sets
of retrieval criteria are expressed. However, normal use of paren-
theses is permitted in comparatively long character strings, such
as abstracts, where it is unlikely that a complex criterion would
be applied.

8/69
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Main Phases of INFOL

The four main phases of INFOL are identified by the control words
ESTABLISHMENT, INTERROGATION, UPDATE, and REVISION. After the

INFOL card, the first text encountered by the system when it scans
the input mast be one of these control words. Anything else will

cause an immediate termination of the run.

Establishment Phase

The file is created in this phase. The items are identified by
item descriptions; category, type, and certain other item data are

entered. Finally, the information mass that makes up the file is
entered and processed. The Establishment Phase is functionally
separate from other phases. (For instance, it is not possible
to interrogate a file while it is being established.)

Interrogation Phase

This key phase involves two functions: retrieval criteria and

extractions. The user specifies conditions (criteria) to be ap-

plied to item values in the element. If the criteria are satis-
fied, items will be extracted according to specifications.

Update Phase

Changes to the elements in the file are made in the Update Phase.
Updates are made to a particular element; the element may be modi-
fied or removed, or a new element may be entered into the file.

Revision Phase

Items of information may be added to an element, over and above
those already defined and established. Before this kind of up-
dating can be done, a Revision pass is necessary to modify the

file structure. A Revision pass may also redefine validation cri-

teria, item descriptions, or codes. Revision is also functionally
separate from other phases of INFOL.

REFERENCES

1. "INFOL for the CDC 6400--Information Storage and Retrieval
System," Ref. Manual, Northwestern Univ. Vogelback Computing
Ctr. (revised Nov. 1968).
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SAMPLE INPUT
c.)

r

VLORRAMORIPMCm110000. INFOL
01111Am )

LO.
INECUM
ESTARLISHMENT
MP DESCRIPTIONS 26
BIOPSY NO. RI.
CLIKIC NO. 1,?4,
DATE RECIEYED *lo
BIOPSY DATE oor
NAME OF PATIENT 'RP
SFx .60
ARE 07*
RACE 8*
ORCTOR
BIOPSY SITE 010o
BIOPSY SITE (COOEI 1141
DURATION OF LESION 4/124/
CLTAICAL HISTnRY 4613*
CLIAICAL DESCRIPTI*OA 41I4.1
CLINICAL NAANosts 'IS.
CLIKICAL DIAGNOSIS (CODE) A1641
HISTOPATH DEStRIRTICN 017'
HISTOPATH DIAGNOSIS R)G*
HISTOPATH DIARNoSIS (CODE) *190
HIST0PATH COMMENT '20'
HISTOPATHOLOGIST 46210
SPECIAL STAINS 0220
PECOS 23
TEACHING SLIDE 624
ARE (NUM FORM) .25ID
DURATION INUm FORM) .26.
CAEEGORYTYRE
010 UNARY NUMERIC
*pro UNARY NUMERIC
4.14. uNARY DATE
414p uNARY DATE
*No UNARY ALPHANUMERIC
No UNARY COOE0
70 UNARY ALPHANUMERIC
*No uNABY =En

UNARY ALPHANUMERIC
4100 UNARY ALPHANuMERIC
*Ili UNARY ALPHANUMERIC
1ER UNARY ALPHANUMERIC
no UNARY ALPHANUMERIC
14i UNARY ALPHANUMERIC
AIBR UNARY ALPHAWNERIC
eittor UNARY NUMERIC
011. UNARY ALPHANUMERIC
01,141 UNARY ALPHANUMERIC
0101 UNARY NUMERIC
*pp. UNARY ALPHANIMERIC
02141 UNARY ALPHANUMERIC
*pp* UNARY ALPwANuREPIC
P230 UNARY ALPHANUMERIC
024. UNARY ALPHANUMERIC
ps MULTIPLE NUMERIC
peo MULTIPLE NUMERIC
CODES
060 MNEMONIC m mALE'F FEMALE'
.00 MNEMONIC w wHITE'N NEGRO 0 0RIENTAL

VALIDATIONS
60* INTEGER
*Si ALPHABETIC

8/69
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I
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460 E0 m
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olo nrPORT
0441 REPORT
AO REPORT
o7o REPORT

CD
CD 4-0

C:)
t

0
INJ
.4. 6 8/69



T
P
.
F
c
L
.
m

F
L
F
N
E
h
y

3
9
0
 
A
C
r
F
m
T
E
O

E
L
F
L
,
F
A
T

2
3
7
9
0
 
A
C
C
F
D
T
L
N

P
I
.
F
.
E
K
T

P
3
5
6
0
1
1
 
A
C
C
F
P
T
t
i
l

E
L
F
P
E
K
T

3
R
4
5
9
0
 
A
C
C
E
R
T
t
o

F
L
F
N
E
A
T

4
7
3
2
Q
R
 
A
C
C
F
p
y
t
n

F
E
E
1
E
4
T

6
3
4
R
9
0
 
A
C
C
F
P
(
E
o

R
E
P
E
A
T

6
3
m
6
9
0
 
A
C
C
F
m
n
u

F
L
E
N
E
A
T

7
4
,
0
9
0
 
A
C
C
E
m
T
t
o

F
L
E
N
E
A
T

T
6
2
1
9
0
 
A
C
C
F
P
T
E
u

F
v
E
m
E
h
T

7
4
2
2
9
0
 
A
C
C
E
P
T
L
Q

I
N
F
C
L
P

N
u
m
P
F
m
 
O
F
 
E
L
F
N
.
:
N
T
c
 
I
N
 
F
I
L
E
.
,

1
0

I
T
E
M
 
r
w
s
r
M
y
R
T
T
o
N

F
I
T
f
l
o
S
y
 
N
M
,

p
c
m

N
n
.

I

C
L
T
A
T
C
 
N
O
,

2

D
A
Y
F
 
m
E
C
T
F
V
E
n

3

*
s
r
 
(
N
U
N
 
F
O
R
M
)

2
5

n
u
R
A
T
I
O
N
 
(
N
U
M
 
F
O
R
M
)

2
6

I
T
E
M
 
O
E
S
C
a
T
o
T
T
O
k

C
L
U
:
C
 
N
O
.

o
N
A
P
E
 
O
F
 
P
A
T
I
E
N
T

3 t
f
- 3 Pl
a

(
T
h
i
s
 
p
a
r
t
 
o
f
 
t
h
e
 
o
u
t
p
u
t

i
s
 
m
e
r
e
l
y

a
 
r
e
l
i
s
t
i
n
g
 
o
f

t
h
e
 
i
n
p
u
t
 
f
i
l
e
 
s
t
r
u
c
-

t
u
r
e
.
)

m
 
M
A
K
T
N
N
i
u
 
S
T
/
r
s
 
o
F
 
4
1
.
1
 
1
1
4
Q
T
A
R
I
F
 
L
E
M
G
T
H
 
I
N
F
r
1
.
+
4
A
T
I
n
'
i
 
-

C
A
T
E
n
o
w
y

A
T
Y
P
E

F
I
F
L
o

1
,
4
1
,

L
F
m
G
r
m

U
N
A
R
Y

u
N
A
R
Y

U
N
A
R
Y

N
O
N
E
R
T
C

4

N
u
m
E
m
T
C

c

R
A
T
F

1
4

N
U
L
T
I
R
L
F

N
i
J
N
E
R
f
c

R
U
L
T
T
R
L
F

1
4
,
1
4
F
R
T
C

N
e
v
4
n
F
0
 
o
r

4 4

41
14

.0
.

*
h
s
-
a
r
"
i
v
e
.
.
-

C
i
-
a
g
,
a
r
I
r
q
c

I
m
A
n
A
T
T
O
N
 
c
o
l
T
F
Q
T
A

a
l
l
,
s
/
4
4

I
T
E
M
 
N
C
,

N
E
C
E
S
S
A
R
Y

T
y
m
r

m
A
X
T
m
u
m

C
H
A
R
A
C
T
E
D
S

R
A
.
n
r

T
N
T
P
I
E
R

A
L
e
m
A
R
E
T

0
0
0
 
0
0
2
4

-
I

r
1
.
.
.



V
Z

O
O

 0
00

0
0

i
t
)

'
.
N
F
O
L
2

R
E
T
R
I
F
V
A
L
 
R
E
P
O
R
T
 
N
O
,

I

1
 
E
a
 
6
3
6
6
9
0

E
x
T
R
A
C
T
/
O
N
S
 
1

I
.
 
R
E
P
O
R
T

l
 
R
E
P
O
R
T

R
E
P
o
R
T

0
1
6
.
 
R
E
P
O
R
T

I
S
.
 
R
E
P
O
R
T

1
1
/
?
R
/
h
o

6
 
P
I
O
P
S
T
 
w
n
.

C
A
T
E
 
R
E
C
t
E
v
E
n

N
A
M
E
 
O
F
 
R
A
T
I
F
N
T

C
L
I
N
I
C
A
L
 
D
E
S
C
R
I
P
T
I
O
N

C
L
I
N
I
C
A
L
 
D
T
A
G
N
C
S
T
S

6
3
4
4
9
0

I
/
S
E
M
/
1
9
6
S

G
E
C
R
S
F
 
J
O
H
N
S
O
N

E
X
T
F
N
S
I
V
E
 
E
R
u
P
T
I
O
N
 
O
F
 
T
i
o
t
E
E
 
T
O
 
F
I
V
F
 
m
o
L
.

S
.
 
A
 
F
E
N
 
A
R
E
 
A
L
S
O
 
P
R
E
S
E
N
T
 
I
N
 
T
H
F
 
S
C
A
L
P
.

M
E
T
A
S
T
A
T
I
C
 
C
A
R
C
I
N
O
M
A

IJ
IF

A
L
I
I
I
S
M
-
o
F
n
 
N
o
n
U
L
F
S
 
n
y
r
i
t

C
q
t
.
i
T

1
4
A
C
K

1
.
4
1
0
v
,
 
A
i
n
 
6
:
4
1
-
n
:
4
1
1
1
r

N
U
m
m
E
R
 
O
F
 
E
L
E
M
E
N
T
S
 
W
H
I
C
H
 
S
A
T
I
S
F
Y
 
T
H
I
S
 
S
F
A
N
C
H
 
P
P
O
U
r
s
T

R
E
T
R
I
E
V
A
L
 
C
R
I
T
E
R
I
A
 
2

V
Z

O
O

 0
00

4
=
.

0



000 0024

RETRIEVAL CRITERIA 6

INFOL2 RETAMVAL REPORT An. 6

4,341 GT JAN 1 .196A
4,104 EG TRUNK
2S4 LT 4n
44174 EG HISTInCYTFS
EXTRACTIONS 4
PFPCPT ALL

11'

63/2S/69

000 3324

PAGE b

n BIOPSY Nn. 473290
CLINIC Nn. 36824
DATE RECTEvEn 25tAuGtno4
NAME OF PATIFNT SAM SHI'
SEX
AGE 32

PACE
DOCToR CARn

PI0PsY STTF TRUNK
R/OPSY STTF cCenE) 7092
DURATION nc LESION !.S MONTHS
CLINTCAL HISTORY PATTFNT mAS Hen A AFNEP AIT7FA FRYTmFmATAUS FRUPTTOI rflQ THIJEF WINTHS LFSI)NS NoNPRo4ITIC

SOME HAVE LCERATE!).
CLINICAL DESCRIPTION GENFHALI7E0 ERYIHFRATAUS mACULAPAPULAR LFSIONSSOME or 'POCH smnw CF141gAL IIICFPAT1(14. riiE

LESIONS AgE AmE%TmETIC.
CLINICAL OTAANCSIS PULE OUT LLAgnSY
CLINICAL DTAGNCSTS MODE/ 1616
HISTnPATM nESCPIPTION INITIAL SECTIANS SNOW iMr EPTAERM TS TA RF RRDER-TFLv AC4NI1oTTC 4.4, 4 4nio LYMPOCYT1C Im

FILTRATE WITHIN THE nFQPTs. Nn nTHEA PATHOLnGIC rFATIIRrS Amt. NnIFO. 11 TOr RFCUIS HtwFVEw

ONE SECS A DROLIFERATIAN fiF mnANT HIsTIOCYTES 01.1 mInFLy s1'ACF0 THFRE IS A GMEN

Z ZONE SFPARATING THIS INFILTmATE FRAM THE FPInFolIS. TN IITnr0 AWEA:i T'":14: IS A M0410-1) 040

LIFERATInN OF PLASMA CELLS HIRTTOCYTFS AND A FF4 GyANT CELLS. A FLIF ST414 PFVFALFo Tr*
PAEsFNCF OF NumEmoms Ac/n FAT mACILLT Awn A 4001#4-HW,NN sTAIN SwndFu A 1.1.-4 SWAM POSITTVF 0

mGANISms.
PISIAPATN nIneknSIS LEPPOMATnUS iFpROSY
HISTOPATm nIAGAnSIS (conE) 1616
NisTnPATNoLontsT 4AC
SPECIAL STAINS F/TEFARACO GROWNFISENN PAS GIFMs4 MAR TON-I:MI*4Y

PECUTS YES
TEACHING sLInE YES
AGE (NUN FORM) 32

A
0
0

DURATION (NUM FORM) 0

2.5
0
0

c
CI

:1
.....

fa4

AnomPER OF ELEMENTS WHICH SATISFY THIS SEAHCH APAIFsT

.n

C:
0
0
3:



t Z
 0

0 
00

0

Q

P
F
T
A
T
E
V
A
L
 
C
P
I
T
F
A
T
A

T
N
F
I
1
L
2

R
F
U
T
F
V
a
l
.
 
m
c
P
O
P
I
 
N
n
.

7
n
1
/
2
n
/
p
o

7
C
D

I
N
J

4
1
4
4
1
 
E
a
 
m

F
x
T
R
A
C
T
I
R
N
S
 
7
 
T
A
R
N
L
A
P

a
l
.
 
R
F
P
O
R
T

c
m
 
R
F
P
O
P
T

A
 
P
M
:
M
T

m
T
m
 
R
F
P
O
R
T

B
I
O
P
S
Y
 
w
n

N
a
v
i
E
 
O
F
 
P
A
T
I
E
N
T

S
F
i
c

a
n
F

1
1
9
4
!

P
o
.
t
1
.
.
 
1
4
m
U
m
7

1
4

n
3

2
2
3
7
9
0

F
a
F
n
 
m
u
m
n
L
F
Y

m
g
o

a
3
0
6
%
9
0

J
C
F
 
C
s
t
m
O
n
n
I

m
7
1

m
4
7
3
P
9
i

S
A
M
 
S
m
I
T
M

M
1
?

6
3
4
.
6
M

G
E
A
R
G
E
 
J
O
H
N
S
O
N

1
4

7
0

a
7
4
2
0
9
C

T
 
J
n
N
E
S

1
4

1
P

0
7
4
2
1
0
^

L
 
S
L
O
A
N

M
1
7
4

1
0

7
4
2
2
9
0

a
t
 
O
G

1
4

3
2

m
f
l
m
a
E
R
 
n
F
 
E
L
E
M
E
N
T
S
 
I
d
N
I
c
H
 
S
A
T
I
S
F
Y

T
H
I
S
 
M
E
A
4
c
m
 
D
F
O
L
I
F
S
T
 
2

I
N
F
e
l
 
E
X
E
C
U
T
I
n
N
 
T
F
R
I
P
I
N
A
T
E
D

N
O
R
M
A
L
L
Y

V
Z

O
O

 0
00

;



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0024

.1- COST ESTIMATE
c.]

0
0 For the job listed on the Sample Input, the total running time was
0 16.216 seconds for central-processor time and 51.212 seconds for0
0 peripheral-processor time with a memory useage of 110,000 words.

Chargeable computer time $4.18.

Charge to user = computer time + postage and handling + network
overhead

= $4.18 + $15.00 + network overhead

= $19.18 + network overhead

CONTENTS INFOL

pages

1,2
3,4

5-10
11
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0025

Linear Programming

LINPROG NUCC120

Vogelback Computing Center,
Northwestern University

School of Business,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road
Evanston, Ill. 60201
Tel.: (312) 492-3682

LINPROG will solve any linear-programming problem with a maximum of

125 variables and 75 constraint equations. It utilizes the original

(two-phase) simplex method for qolving linear-programming problems

and uses a minimizing objective function. To solve a maximizing

problem, the signs on the objective function coefficients must be
reversed before usage.

6/69 1
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USER INSTRUCTIONS

0 Descri tion of In ut Data

0 The input to the program consists of three types of data.
0

1. a parameter card

2. a specification of the initial basis

3. a set of matrix elements

Before keypunching the data onto cards, it is necessary to put
the original problem into standard form. For example, starting
with a set of constraints and an objective function to be minimized,

one must perform the following operations--

1. make all righthand sides of the constraint expressions (the
B values or requirements vector) positive or zero

2. convert all inequalities to equalities by use of +1 or -1 slack
variables

3. put the objective function in the last row of the matrix

4. put the requirements vector o: B values in the first column of
the matrix

5. place all other elements, including slack and artificial vari-
ables,in the remaining'N-1 columns of the matrix

For example, if the original problem is

Maximize 4X1 8X2 + 3X3 + 12XL, - X5

Subject to X1 - 3X2 + 4X + 2X4 + 11X5 > -10

7X1 + 2X2 + 5X4 - X5 > 4

3X1 - 5X2 + X3 + 4X4 + 2X5 = 14

when put into standard form and entered properly into the matrix
(using detached coefficients) will appear as follows.

CoZ. 1 2 3 4 5 6 7 8 9 10

Row

1

2

3

4

6/69

Values XI X2 X3 X4 Xs X6 X7 X6 X9

10 -1 3 -4 -2 -11 1

4 7 2 5 -1 -1 1

14 3 -5 1 4 2 1

-4 8 -3 -12 1

er) 3,\.

Matrix
Elements

Obj. Func.
Row

continued
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When the matrix has been laid out, the input-data cards are pre- 0o
pared as follows. First, the parameter card consists of the inte-

ogers M and N, each 3 digits, where M is the number of rows in the o
matrix (<76) and N is the number of columns in the matrix (<126). w

w
In this aample, the 4X10 matrix would appear on the parameter card
starting in Col. 1 as follows.

Second, following the parameter card will be a series of cards that
will define the initial basis and specify the artificial variables,
if any. Each element in the identity matrix is specified by row
(3 digits that start in card Col. 1), matrix column number (3 digits),
and, if this element is an artificial variable, a 1 is punched in
Col. 9 of the card. So, the three basis cards (in any order) for
our problem would be

001008
002009001
003010001

Third, all nonzero matrix elements are punched, one per card, in
this format: row number (3 digits, which start in Col. 1), column
number (3 digits), and the matrix element value (F10.2 format).
The order of these cards is not important but for one exception:
the last element of the matrix must be punched whether it is zero
or not and must be the last card in the deck of input data. In
our example, some of the cards would appear as

001001+10
001002-1
002002+7
004003+8
003010+1
002007-1
001004-4

004010 O. (last element)

Description of Output

The program will provide the following information

1. a printout of the initial tableau is given. The data in this
matrik should correspond directly to the linear-programming
problem offered for solution

4

294

continued
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0
2. the variables that have been declared artificial are listed

0
0 3. intermediate output is given for each iteration in the form

0
0 ITNO 5 IN X(9) OUT S(3) -Z MIN = 9.7856
0

4. a printout of the final tableau is given

5. if a feasible optimum solution has been found for the problem
represented in the INITIAL TABLEAU, a summary of the results
will be printed along with the following message

OPTIMUM FEASIBLE SOLUTION FOUND, -ZMIN = 2342.07

Error Indications

If the problem is unfeasible, either one of the following two
error messages will appear

SOLUTION IS UNBOUNDED
or

ARTIFICIAL VARIABLES CANNOT BE SUPPRESSED

Limitations

The program is able to handle 125 variables and 75 constraint equa-

tions. Elements are read in under F10.2 format and printed out

under F12.4 format.

Multiple Problems

Any number of problems may be solved sequentially by merely stacking

the problem data decks.

Job Deck Structure

Job Card
LIBRARY(LINPROG)
LGO.
7-8-9 (OR card)

Parameter card
Initial basis cards
Set of matrix elements__

6-7-8-9 (BOI card)

6/69

(may be repeated for any number
of problems)

Lf)

00
5 0

295
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ul
SAMPLE INPUT

CD
CD VLORR.CH 0EM60400. LINPRO(

LIBRARYCLINPROG)
CD

LGO.
CD ENU OF RECORD
CD 015024

C01015001
CO2002
003003
n04004
00!305
006006
007007
008008
C3c009
010310
011011
012012
013013G01
0143140.1
301001+010.
C01015+401.
001018-401.
001023+001.
001024+001.
002001+800.00
002002+w01.00
002J19+w24.00
002021+040.00
002023+020.00
003301+800.00
003003+:,01.03
003023+024.00
003022+040.00
303024+v20.30
CC4001500.00
004004+v01.00
D04319+60U.00
034021+.7u.J0
004023+040.00
005001500.0.00
005005+001.00
305020+60J.00
005022+070.00
005024+.40.00
0060011500.
306006+001.
006019+180.

002003 1.
002005 1.
003001 2.
003002-.1.
003003 -1.
003006 1.
004001 1.
004002--1.
004003 -2.
004007 1.
005001 3.
005002-2.
005003 -3.
005008 1.
006002 -2.
n06003
00(008
015024.440.00

ENO OF INFORMATION

6/69

000 0025
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COST ESTIMATE
(.1

0
© For the job listed on the Sample Input, the elapsed computer time
0 was 1.697 seconds of central-processor time and 12.885 seconds of
0© peripheral-processor time with a memory useage of 60,200 words.

Chargeable computer time was $1.00 (Northwestern University mini-

mum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS --IINPROG

pages

1 Identification
3-5 User Instructions

7-10 I/0
11 Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

000 0026

Multivariate Analysis of Variance

MANOVA NUCC170

Vogelback Computing Center,
Northwestern University

Biometrics Laboratory,
University of Miami

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

MANOVA performs univariate and multivariate analyses of variance,
of covariance, and of regression. It provides an exact solution
in eithei the orthogonal or nonorthogonal case. Options include
single- or multiple-degree-of freedom contrasts in the main effects
or interactions, transformations of variables, and orthogonal poly-
nomial contrasts with equally or unequally spaced points. Reanal-
yses may be done with different criteria, covariates, contrasts,
and models.

REFERENCES

Bock, R.D., "Programming Univariate and Multivariate Analysis of
Variance," Technometrics 5, 95-117 (1963).

Graybill, F.A., An Introduction to Linear Statistical ModeZs (McGraw
Hill Book Co., Inc., New York, 1960, Vol. 1, pp. 223-253.

Rao, C.R., Advanced Statistical Methods in Biometric Research (John
Wiley & Sons, Inc., New York, 1952), pp. 236-272.

Roy, S.N., Some Aspects of Multivariate Analysis (John Wiley & Sons,
Inc., New York, 1957), pp. 76-86.
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(NI USER INSTRUCTIONS

Preparation of Data
o
0 In the following descriptions of cards, when capital letters are

used under the heading Contents, those actual letters should be
punched in the columns specified.

The program expects cards in the following sequence.

Title Cards

Columns Contents

1-5 TITLE

6-80 Title to be printed on output (any alphnumeric char-
acters)

(As many additional title cards may be used as desired,
each with the letters TITLE punched in Cols. 1-5)

Problem Card

Columns Contents

1-4 PROBLEM

6-7 Total number of variables, right-justified (maximum
40). Any number of these may be used as criteria or
covariates in a given analysis

8 Number of factors (maximum 8). This is the total num-
ber of ways of classification. Bloc.king factors are
included, as are replication factors if they are main
effects in the design

9 Blank: standard data-card format
The level codes should be in one-digit fields, begin-
ning in Col. 3, and the variables in 10 six-digit
fields, beginning in Col. 13
If variable format is used, this column shows the num-
ber of Variable-Format Cards to be read

10 Blank: program will identify variables on output by
consecutive numbers
1: variable names are supplied

11 Blank: all variables are used as criteria in the in-

itial analysis
1: a subset of the variables is to be used as criter-
ia. This should be punched if some of the variables
are covariates

continued
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Columns Contents

12 Blank: standard ordering of significance tests. This
assumes that the design is a complete factorial with CD

a within-cells error term and that only tests of over- crN

all main effects and interactions are obtained. This
is ordinarily used for orthogonal designs where the
order of elimination of confounding is irrelevant.
This is also used for a one-cell design--regression
analysis, canonical correlation, T2. In this latter
case, there should be only one contrast card indica-
ting one level
1: Significance-Test Cards are read in to specify the
model and the effects tested

13 Blank: residual effect is not to be tested
1: last effect on Significance-Test Cards is to be
obtained as residual and tested

14 Blank: correlations between observed error variables
and canonical variables not to be printed
1: correlations are to be printed

15 Blank: input data located on cards
4: input data located on alternate tape (logical tape
4). Only the data cards described below can be on
tape 4. The Control Cards (including this one) must
still be on cards

16 Blank: cell means are to be printed
1: cell means are not to be printed

17 Blank: no transformations of data
1: transformations of data are to be computed

18 Blank: reduced-model matrix is not to be printed
1: reduced-model matrix is to be printed
This will be the reduced matrix corresponding to the
contrasts specified on the Contrast Cards, and the
effects specified on the Significance-Test Cards

19 Blank: correlations among model parameters are not to
be printed
1: correlations are to be printed. For the typical
factorial design with equal numbers of observations
in the cells, this matrix will be orthogonal across
effects, but within effects there will be correlations
unless single-degree-of-freedom orthogonal contrasts
have been used

4

/09

continued
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Columns Contents
0

20 Blank: reduced-model matrix is not read in

0 1: reduced-model matrix is read in and tested accord-
0 ing to Significance-Test Cards. Column 12 must con-

tain a 1 punch for this option. The Significance-Test
Cards are necessary to specify the effect names and

the degrees of freedom for successive effects

21 Blank: general mean is included first in model and is

not tested
1: general mean is omitted from the model or is in-

dicated on the Significance-Test Card. Column 12 must

contain a 1 punch for this option

Variable-Name Cards (optional)

If these cards are included, the Problem Card, Col. 10, should con-

tain a 1 punch.

Columns Contents

1-10 Name of first variable (any alphanumeric characters)

11720 Name of second variable

71-80 Name of eighth variable. Continue on as many addi-
tional cards as necessary. The total number of names
must equal the number of variables

Variable-Subset Cards (opcional)

If these cards are included, the Problem Card, Col. 11, should con-
tain a 1 punch.

Columns Contents

6/69

1-2 Number of criteria used in this analysis, right-justi-
fied

3-4 Number of covariates, right-justified

5-80 The variables can be thought of as numbered from I
to V, where V is the total number of variables. In
these columns, punch the variable numbers for each of
the criteria, followed by the variable numbers of each
of the covariates, in 2-digit fialds. If there are
more than 38 variables, continue the variable numbers
on another card, beginning in Cols. 1-2

104
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Contrast Cards 0
0

A Contrast Card is entered for every factor in the design. The
0

order is the same as the order in which the factor codes are punched 2
in the data cards, from left to right. For example, a Contrast
Card for factor A followed by a Contrast Card for factor B would
indicate that, in the data cards, the code for factor A is to the
left of that for factor B.

Several types of contrasts may be used,depending upon the type of
analysis desired. The regular contrasts are the customary devia-
tions of row and column means from the grand mean and the general-
izations of these for the interaction contrasts. These will typ-
ically be used when only the overall tests of significance are re-
quired.

When single-degree-of-freedom contrasts are desired or subgroup-
ings of degrees of freedom, the Special-Contrasts Option is taken
and the specific contrasts in main effects to be tested are entered.
Ordinarily these will be orthogonal contrasts. When nonorthogonal
contrasts are used, the ordering of the single-degree-of-freedom
contrasts should be carefully considered. Interaction contrasts
may also be tested, and these are interpreted as contrasts in con-
trasts. For example, if we have a contrast in factor A cf 1 1
and a contrast in factor B of 2 1 1, the interaction contrast
will be 2 1 1 2 1 1.

Another type of contrast frequently encountered is the orthogonal
polynomial contrast. Contrasts may be computed within the program
either for the case of equally spaced points or unequally spaced
points. Only the metric (a set of numbers that indicates the spac
ing) is required. A typical case for a 5-level factor might be
numbers 1, 2, 5, 10, 20.

The difference contrasts are a useful orthogonal set. They have
the form

1 1 1 1 1

1 1 0 0 0

1/2 1/2 1 0 0

1/3 1/ a 1/a 1 0

_IA _IA _IA _IA

They should always be used for nested factors with unequal group
size.

6
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The letter specified on the Contrast Cards is used to construct

the effect names. A single letter always refers to a single fac-

tor, with degrees of freedom equal to the number of levels minus

one. Letters in combination with other letters always refer to
interactions with appropriate degrees of freedom. For the purpose

of referring to individual degrees of freedom or groups of degrees

of freedom, a partitioning must be specified and the degrees of

freedom for each partition indicated. If we think of a matrix of

contrasts, the first partition refers to the contrasts at the top

of the matrix and the last partition refers to the contrasts at

the bottom. All the degrees of freedom in a factor must be ac-

counted for in the partitions, and up to eight partitions may be

specified. For orthogonal polynomial contrasts, the first parti-

tion will include the linear effect, and later partitions will in-

clude the higher effects. To refer to a given partition, one uses

the letter identification of the factor in combination with a digit

to indicate the number of the partition. For example, AS indicate,

the fifth partition of the factor A. Since only a single letter

is used to identify each factor, it is desirable to write a more

complete description of the factor in Cols. 61-80 of the Contrast
Card and this is printed on the output listing.

Columns Contents

1 Letter indentification of factor (any letter except W)

2 Blank: regular contrasts (deviation contrasts)
1: special contrasts (to be read in on special contrast
cards immediately following this Contrast Card)
2: orthogonal polynomial contrasts (requires metric

to be read in on Special Contrast Card immediately
following this Contrast Card)
3: orthogonal comparisions of level i+1 minus average
of previous levels (difference contrasts)

3-4 Number of levels for this factor, right-justified
(maximum 20)

5-20 Blank: no partition of this factor
If the factor is to be partitioned, in these columns
punch the degrees of freedom for each partition in
2-digit fields. These 16 columns allow room for eight

partitions of the factor. If any partitioning is dom.,

all degrees of freedom must be accounted for

21-60 Blank, level codes are punched in data cards in con-

secutive order beginning with 1

If the level codes are not in consecutive order in
the data cards, in these columns punch the level codes

continued
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Columns Contents 0
0

that do appear in the data cards, in 2-digit fields.
These 40 columns allow room for 20 levels of the fac-
tor.

61-80 Name of this factor (any alphanumeric characters)

Special-Contrast Cards (optional)

These must immediately follow any Contrast Card that .contains a
1 or 2 punched in Col. 2.

When entering the special-contrast matrix, the first row is used
to give weights that specify how other factors are to be averaged
over the given factor. These weights will ordinarily be 1. In
an experiment in which the population contained twice as many val-
ues of level 1 as of level 2 for a factor A, it might be desirable
to use the weights 2 and 1. In averaging a factor B over A, twice
as much weight would be given to those cells in which B occurred
with Al as compared to B in conjunction with A2.

Columns Contents

1-80 For special contrasts (signified by a 1 punch in Col.
2 of the preceding Contrast Card), these cards con-
tain a square matrix with as many rows as there are
levels in the factor, in 5-digit fields. The first
row is punched in the first Special-Contrast sard and
gives weighting factors that are ordinarily 1. Each
of the subsequent rows begins on a new card that con-
tains the special contrasts desired for each degree
of freedom; they must sum to zero

For orthogonal polynomials (signified by a 2 punch in
Col. 2 of the preceding Contrast Card),only the metric
is specified, in 5-digit fields

Significance-Test Cards (optional)

If these cards are included, the Problem Card, Col. 12, should con-
tain a 1 punch.

The factors are indicated by the letters read in on the Contrast
Cards. If A and B are factors, A and B designate main effects and
AB designates the interaction of A and B. Higher-order interac-

continued
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JO
tions are indicated in the same way, for example, ABC. Order is
irrelevant so that AB=BA. Subeffects are indicated as Al, A2, A3
for up to eight subeffects. The degrees of freedom are taken from

0 the successive partitions in the Contrast Cards. If Al and B2 are
0

subeffects A1B2 is their interaction.

AWC and ABWC indicate that the effects A and AB are nested within
C. AWBC indicates A nested within both B and C. Subeffects and
their interactions may be used as the nested effect, for example,
A1B2WC. AWB5C10 indicates A nested within the fifth level of B
and the tenth level of C. This is the only case in which numbers
refer to levels.

AB+A+C indicates a lumped effect. Any effects may be lumped.

In what follows, any combination of the above is considered an ef-
fect. E=1 designates E as error term 1, where E is any effect.
Up to eight special error terms may be used. Below, means a
minus sign.

E=0: the effect E is not to be tested,

E-1: the effect E is to be tested against error term 1.

E-0: E is to be tested against the residual-error term.

E-9: E is to be tested against the lumped within- and residual-
error term.

If the error term is not specified, it is assumed to be the with-
in-cells error if there is any, otherwise the residual.

The general mean is ordinarily ordered first in the model matrix
and is not tested. It may be put anywhere and tested by so indi-
cating on the Problem Card and indicating its error term as above
but using a blank to signify the mean--for example, b-9. Degrees
of freedom of all effects are computed from the levels of the main
effects. For the residual, it is computed by subtraction.

It is sometimes convenient (for example, for interaction tables)
to specify models in terms of cell means. The W notation described
above, when preceded by a blank rather than a factor code, may be
used for this purpose. bWAB specifies the ABC interaction table.
It is essential that the option to leave the grand mean out of the
model be taken when this device is used. Note that A, B, and AB
are completely confounded with WAB and must not be included in the
model. Other effects such as blocking factors should ordinarily
be included. It is preferable to use a separate reanalysis (with
estimates only) for each interaction table.

continued
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EDUCOM

For some designs, particularly those with vacant cells, it is most
convenient to obtain the last effect as a residual from the between-
cells sums of products and to obtain its degrees of freedom in the
same way. The Significance-Test Cards must include the specifica-
tion for all effects, but the last effect will have a dummy name
as far as computations are concerned. It must, however, be a valid
name. Example: 2-factor experiment with vacant cells but no com-
pletely vacant rows or columns. A,B,AB.

Columns Contents

1-80 Code letters for effects of the design are punched in
the order of elimination of confounding, typically
main effects first and interactions last. The code
letters begin in Col. 1 and are separated by commas.
After the final effect, punch a period. The only im-
bedded blanks allowed are those signifying the mean
or preceding a W as explained above. Example: B,A,AB.

Continue on additional cards if necessary.

Variable-Format Cards (optional)

If one or more of these cards are included, the Problem Card, Col.
9, should be punched with the number of Variable-Format Cards.

Columns Contents

1-80 Variable format for one subject (must begin and end
with parentheses and include a level code for each
factor in Il or 12 format). Continue on as many ad-
ditional Variable-Format Cards as needed.

Transformation Card (optional)

If this card is included, the Problem Card, Col. 17, should con-
tain a 1 punch.

Columns Contents

1 Blank: no transformation for first variable
1: square-root transformation for first variable
2: loge transformation for first variable
3: arc sine transformation for first variable
4-9: user's transformation for first variable
The user has the option of inserting from one to six
transformations of his own and indicating which he
wants applied to the first variable by means of these

.j1 continued
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( D
Columns Contents

(D

code numbers. To insert your own transformation, it
is necessary to change a FORTRAN statement in SUBROU-o TINE SPECTR and recompile it. Comments included in
that FORTRAN subroutine give detailed instructions.

2 Transformation code for second variable (same code
as punched in Col. 1 for first variable). Continue
with as many columns as there are variables.

Data Cards

First comes the numerical level code for the first factor, then the
level codes for additional factors if there are any, followed by
the subject's score for the first variable, his score for the se-
cond variable, and so on. The columns must conform to the variable-
format statement or to the standard format if that option is speci-
fied in the Problem Card, Col. 9.

All of the Data Cards for one subject must be together in order,
but the subjects may be read in any order. In other words, all of
the subjects in one cell need not be together.

Put one or more blank cards after the last Data Card: if each sub-
ject has one Data Card, include one blank card; if each subject has
several Data Cards, include the same number of blank cards.

Reduced-Model-Matrix Cards (optional)

If these cards are included, the Problem Card, Col. 20, must con-
tain a 1 punch.

Columns Contents

1-80 First row of the reduced-model matrix, punched in 5-
column fields in F format

Continue on as many additional cards as there are rows
in the reduced-model matrix

Reanalysis Card (optional)

This card is used to indicate reanalyses using the previous data
and a subset of the variables, or new contrasts, or new Signifi-

cance-Test Cards.

6/69 11
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Columns Contents

1-5 ANALY

6 Blank: all variables are used as criteria in this
analysis
1: a subset of the variables is to be used as criteria

7 Blank: previous significance tests are used, or if new
contrasts are specified, standard ordering for complete
factorial
1: Significance-Test Cards are read in

8 Blank: previous contrasts are used
1: new contrasts are specified foi this analysis

9 Blank: residual effect is not to be tested
1: last effect on Significance-Test Cards is to be
obtained as residual and tested

10 Blank: reduced-model matrix is not read in
1: reduced-model matrix is read in and tested accord-
ing to Significance-Test Cards. Column seven must
contain a 1 punch for this option

11 Blank: general mean is included first in model and
is not tested.
1: general mean is omitted from the model or is in-
dicated on the Significance-Test Card. Column seven
must contain a 1 punch for this option

12 1: only estimates of effects are to be printed
Printout of reduced-model matrix and correlations of
parameters is suppressed for this and succeeding an-
alyses

Variable-Subset Cards (optional)

If these cards are included, the Reanalysis Card, Col. 6, should
contain a 1 punch. The contents of these cards it the same as pre-
viously described under the same heading.

Contrast Cards and Special-Contrast Cards (optional)

If these cards are included, the Reanalysis Card, Col. 8, should
contain a 1 punch. The contents of these cards is the same as pre-
viously described under the same headings.

Significance-Test Cards (optional)

If these cards are included, the Reanalysis Card, Col. 7, should
contain a 1 punch. The contents of these cards is the same as pre-

/ viously described under the same heading.
c=.

'
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1/40

(NI Reduced-Model Matrix Cards (optional)
cp
cp If these cards are included, the Reanalysis Card, Col. 10, should
cp contain a 1 punch. The contents of these cards is the same as pre-
C:) viously described under the same heading.

Additional reanalyses may follow, each beginning with a Reanalysis
Card.

Additional problems may follow, each beginning with a Title Card.

Finish Card

This card should be placed at the end of all analysis-of-variance
problems.

Columns Contents

1-6 FINISH

Description of Output

1. Description of problem including listing of Title Cards, num-
ber of variables and factors, names of variables, names of cri-
teria and covariates, names of factors with levels of each and
type of contrasts, degrees of freedom in the subgroups of each
factor

2. (Optionally deleted.) Cell means, unbiased standard deviations,
and number of observations identified by cell (labeled MEANS
AND STANDARD DEVIATIONS)

3. Reduced-model matrix (optional)

4. Corre.Lations of effects (optional)

Univariate Analysis

5. For a univariate analysis, a single ANOVA table is printed.
Each error term is followed by the test of regression if there
are any covariates, and the hypotheses tested against that er-
ror term. These tests are adjusted for any covariates. The
estimates of the effects in the complete model and any regres-
sion coefficients follow. The estimates are adjusted for any
covariates (aE01a1).

6/69 13
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Multivariate Analysis

The following are obtained for each error term for which a signif-
icance test is indicated.

6. Error correlations of variables

7. Estimates of effects that are tested against this error term.
The estimates are adjusted for any covariates (aUiai)

8. Analysis of regression if there are any covariates. For each
error term used, an analysis of regression is obtained, elim-
inating all ANOVA parameters. An overall test of significance
is obtained, using Wilk's lambda criterion (likelihood-ratio
test). The approximate F test uses Rao's approximation. An
approximate test is also given for the remaining roots after
eliminating the first, second, third, etc. The error canon-
ical correlations between the variates and the covariates are
printed and also the univariate F tests for regression appro-
priate to each criterion variable eliminating all the covari-
ates. The standardized discriminant functions are printed cor-
responding to the canonical weights for the criteria in a can-
nonical correlation problem. They differ in that they are
standardized by the adjusted-error standard deviations rather
than by the raw-score deviations.

9. For each effect tested,a page with the multivariate and univar-
iate tests is obtained. The multivariate test is Wilk's lambda
criterion,using Rao's approximate F test. The canonical cor-
relations are those between the criteria and the artificial
ANOVA variables. Tests are adjusted for any covariates. The
univariate F tests follow and then the standardized discrim-
inant function coefficients. These coefficients may be inter-
preted as weights in a discriminant-function problem. In fact,
for a one-way analysis of variance with two levels, they are
the ordinary two-group discriminant functions. For more than
two groups, they are the coefficients that give the maximum var-
iation between groups relative to that within groups. Addition-
al orthogonal discriminant functions are given for any roots
significant at the 0.15 level. For analysis of covariance, the
discriminant functions are standardized by the adjusted-error
standard deviations.

Note that the order of effects in the multivariate printout is
exactly the opposite of that indicated on the Significance-Test
Cards; that is, for the conventional analysis, the highest-order
interaction is printed first and, if it were tested, the mean
would be printed last. Notice also that each test eliminates
effects listed before it on the Significance-Test Cards and ig-
nores effects listed afterwards; that is, we can consider this

continued
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to be a test of a linear model in stages where, at each stage,
we test the higher-order term, and, if we decide that it is

null, proceed to the next lower order, assuming that the higher-
order term is null. For an orthogonal analysis, any order of

effects will give the same results, but for a nonorthogonal
analysis, this is not so.

Limitations

1. No more than a total of 40 variables, which includes criteria
plus covariates

2. No more than 100 nonvacant cells in the design

3. Up to eight factors may be accommodated, with a maximum of 20
levels in each

4. No limitation on the number of subjects. The number in var-
ious cells may be unequal

5. If a score is missing for a variable (blank or minus zero on
the Data Card), it will be detected and that subject will be
omitted from the analysis

Sample Job Deck

JOB Card
REQUEST(TAPE4) HANG REEL XXXX

(If data are on tape)

LIBRARY(MANOVA)

LGO.
7-8-9

Title Cards
Problem Card
Variable-Name Cards (optional)
Variable-Subset Cards (optional)
Contrast Cards
Special-Contrast Cards (optional)
Significance-Test Cards (optional)
Variable-Format Cards (optional)
Transformation Card (optional)
Data Cards
Reduced-Model Matrix Cards (optional)
Reanalysis Card (optional)

Variable-Subset Cards (optional)
Contrast Cards and Special-Contrast Cards (optional)
Significance-Test Cards (optional)
Reduced-Model Matrix Cards (optional)

Additional problems may follow, each beginning with a Title Card.

FINISH Card

6/69 15
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1(7 qp
eq SAMPLE INPUT
c)
C)

15E0uENCE,Nu532748

C)
VLORRtMOOMMINIMMOIL,Cmlu7700. MANOVA

C)
LITRARy(MANOVA)
LGO.

CD END CF RECORU
TITLE PkOdLEM 1 FRUM HALL AND CRAMER MANOvA PROGRAM WRITTEN IN FORTRAN II
TITLE 2X2 FACTORIAL D16N wiTH 6 CRITERIA
TITLE REANALYZE wITH 1 CRITERION AND 5 COVARIATES
PROd 6211 1 11

ONP TwO THREE FOuR FIVE SIX

A 2 ALPHA
8 2 liETA

(211,10x96F6.U)
115 41 569, 156. 104. 506. 4. 9.

115 42 475. 120. 105. 366. 4. 16.

115 43 641. 83. 82. 815$ 4. 16.

.1! 44 779. 104$ 104. 331. 4. 17.

115 45 587. 96. 53. 564. 3. 13.

229 8t 748$ 96$ 65. 601. 4. 10.
229 89 763. 135. 92. 480. 2. 12.
229 9, 578. 102. 65. 683. 3. -8.

ANALY1
1 5 5 1 2 3 4 6

'END OF INFORMATION

6/69 17
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SAMPLE OUTPUT

"u6FiciArw CEKTER
edOliTHWrSTEWN INIONSTTN,

m ANnvh- NULTIVARIATE ANALYSIS OF VARIANCE'

pwmiLEM Fwrito HALL ANn CRAMER HANOVA PRONRAM WRITTEN IN FORTRAN II
2112 FACToRIAL 0E511)4 WITH 6 CD4I1FRI4
REANALYZE WITH 1 CRITERION ANU S COVARIATKS

A YARIARLES FACTnR5

nN1, TWO T HRFE FOUR FTVF SIX

A CRITFRTA 0 CnVARTATFS wITI. THE FOLLOWING VARIARLES
oNF Two T HRFE FOUR FIVF SIX

FACTOR A 2 LFVFLS ALPHA
REVTATTON CnNTPASTS

FACTOR R 2 LFVFLS OFTA
OEVIATION CriNTRASTS

FORRAT OF UATA CARDS
(211,111X.AF4.0)

EDUCOM

4 r.ELLR

FACTnk
A

1 1 10 "A

1 2 In n8

2 1 IA oH

P 2 In nR

NATURAL aUFw OF EFFECTS

FACToR
A 8

1 1

1 2
2 1

2 2

MEANS AND STANnARD DEVIATIONS

VARIAHLE
ONE TwO T HREE FOUP

mo
IA 685.100 115.400 494.70091.700

SD 153.122

M eqA.900

300497 46.094 113.073

102.900 68.900 404.100
Sn 130.096 17.760 74.866

96.300

16.868

M 668.500 400.10065.800
19.889SD 11.717183.561 1(01.459

m 646.900 91.300 59.200
e.0 20.769 14.172

480.200
119.088 116.118

PENCE') monEL MATRIX

PARAMETER
1 2 3 4

1.000 1.000 1.000 1.000
1.000 1.000 -1.000 1.000
1.000 1.000 1.000 .1.00R
1.000 1.000 1.000 1.00n

4:10::

.667

3.700
.483

-'2-7800
1.033

3.300
.823

SIX

9.300
8.367

11.900
9.927

12.300
7.134

7.900
6.757

t."7.

18
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COST ESTIMATE

For the job listed on the Sample Input, the total running time was
2.455 seconds for central-processor time and 48.294 seconds for

o
0 peripheral-processor time with a memory usage of 107,700 words.

Chargeable computer time was $1.91.

Charge to user = computer time + postage and handling + network
overhead

= $1.91 + $15.00 + ne.Lnrk overhead

= $16.91 + network overhead

CONTENTS MANOVA

pages

1 Identification & Abstract
3-15 User Instructions

17-21 I/0
23 Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0027

95X95 Factor Analysis with Varimax
Rotation

MESA1 NUCC016

Vogelback Computing Center,
Northwestern University

Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorrain Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road
Evanston, Ill, 60201
Tel.: (312) 492-3682

MESA1 can correlate, factor, and rotate a maximum of 95 variables.
The maximum sample size that can be used with the program is

32 768 observations. Sample size should be larger than number of
variables.

MESA1 is composed of three parts: a main program, an eigenvalue
subroutine, and a varimax-rotation subroutine. The eigenvalues
are calculated by a modified Jacobian method that closely paral-
lels the routine given by Greenstadt in the Ralston and Wilf vol-
ume. The varimax subroutine is from BIMD17 package and is based

on the Kaiser algorithm.2 The method of principal-components
orthogonjal rotation is used.

1111ft

All of the output of the program is in the form of naturally ar-
ranged tables. The variables in the tables can be labeled by

name as well as by number. The output of the program can include

--means, standard deviations, the third and fourth moments of
each variable

the standard errors of each of the above

6/69
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--triangular matrix of product moment correlation coefficients,
with communality estimates in the main diagonal

--a table of positive eigenvalues, with percentages and cumulative
percentages based upon both the total variance of the matri.:. and
the variance accounted for by the factors to be rotated
--matrix of rotated factors

--matrix of unrotated factors. (The number of factors included in
this and subsequently listed output is subject to the restrictions
explained in the following section.)

The program has the following options available, which are deter-
mined by Control-Card entries.

A. Input and Communality Options

The input to the program can be either a series of N(N < 32 768)
observations of M variables each (M < 95) or a MXM correlation
matrix. If the input is in the formof observations, the following
communality options can be computed for each variable Xi

1. All l's

2.SquaredmultiplecorrelationofX.with the remaining X i j

3. Absolute value of the largest correlation of )C. with X i j

If a matrix input is used,only the following options are avaiable
for communality estimate for variables Xi

4. All l's

5.AbsolutevalueoflargestcorrelationofX.with X
j

6. The diagonal element rii in the data input matrix

No factor scores are available with options 4, 5, and 6. In these
cases, Cols. 36-37 of the Problem Card must be blank.

B. Rotation Options

1. Rotation is optional and can be suppressed

2. If rotation is not suppressed, the following series of condi-
tions and options determines the number of variables that will
be rotated. (These conditions also determine the number of
factors included in the factor matrix.)

The foZZowing conditions aZways hoZd

a. A maximum of 19 factors can be rotated

b. Only factors with positive eigenvaZues can be rotated

0 continued0
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c. A maximum of 100% of the communality of the original matrix
can be accounted for by factors. (In practice, this condi-0
tion means that, if the first k largest factors account for
100% of the original variance, then no addition factors will

0 be calculated.)0

The largest number of factors that can be rotated is the minimum
of the three values determined by the above conditions. The number
of factors to be rotated can be further restricted by the following
options.

d. Specification of a maximum number of factors

e. Specification of the minimum eigenvalue to be included among
rotated factors. (This specification can be a constant, or
can be evaluated as the absolute value of the largest nega-
tive eigenvalue)

f. Specification of a minimum/maximum-factor Zoading for factors
to be included in the rotation. (In practice, this option
means that it is possible to exclude from rotation any fac-
tors that have no loadings at or above the specified value.
This option should be used with caution because the program
will stop calculating factors at the first factor that fails
this maximum-factor-loading criterion. It sometimes happens
that a factor will fail this min/max test when a factor with
a smaller eigenvalue would not fail it.)

If any of the communality options d, e, or f are used, the mini-
mum value, so determined, serves as the limit on the number factors
to be rotated, if that value is less than the value determined by
condition a, b, and c. The options d, e, and f can be suppressed
by leaving the appropriate Control-Card columns blank.

REFERENCES

1. Greenstadt, J., "The Determination of the Characteristic
Roots of a Matrix by the Jacobi Method," in Mathematical
Methods for Digital Computers, Ralston and Wilf, Eds. (John
Wiley & Sons, Inc., New York, 1959), Chap. 7.

2. Kaiser, H.F., "The Varimax Criterion for Analytical Rotation
in Factor Analysis," Psychometrika 23, No. 3 (Sept. 1958).

CD
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USER INSTRUCTIONS

Data Options

Input in the form of observations. The variables for each observa-
tion are located on one or more cards for that observation. The

arrangement of the variables on these cards is limited only by the
requirement that such arrangement can be expressed in not more than
eight Variable-Format Cards. One or more columns of the Data
Card(s) for each observation must precede or follow the actual data.
These columns are used only for identification and may be blank; a
corresponding A-format specification for these columns muct, be

included in the Variable-Format Card(s).

Input in matrix form. The program reads a full MXM matrix, includ-

ing diagonals, one row at a time. There are one or more cards for
each row; each row must begin on a new card. The Variable-Format
Card(s) specify the variables in each row; no identification and

no corresponding A-format specification is allowed here, unlike

A in paragraph above.

Program-Control Cards

1. Problem Cards

Columns

1- 6 Problem name, any 6 alphanumeric characters except
finish

7- 9 Number of variables (up to 95)

11-15 Sample size, number of observations; sample size
must be less than or equal to 32 768 (may be left
blank if input is the R matrix)

16-17 Input and communality options
Data Input

01 Program puts ones in diagonal
02 Program puts sqrd mult R in diagonal
03 Program puts largest row R in diagonal

Matrix Input
04 Program puts ones in diagonal
05 Program puts largest row R in diagonal
06 No diagonal calculations; diagonals are used

as read from cards

18-21 Lower limit for eigenvalues to be included in rota-

tion. This value is read as F4.2; that is,Cols. 20

6/69
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and 21 are read as decimal positions; 1.35 would be
punched as 0135 (may be left blank if this limit is
not desired)

22-24 Minimum/maximum-factor loading, limiting the factors
to be rotated. This value is read as F3.2; 0.25
would be punched as 025 (may be left blank if this
limit is not wanted)

26-27 Upper limit on ',he number of factors to be rotated
(may be left blank if this limit is not wanted)

29 Number of Variable-Format Cards (must be less than or
equal to 8)

30-31 Rotation control
Blank, if rotation is desired
01, if no rotation

36-37 Blank: no factor scores punched
10: unrotated factor scores punches
01: rotated factor scores punched
11: both factor scores punched

Note: No factor scores are available when a matrix
input is used. In this case, Cols. 36-37 must remain
blank.

38-39 Blank: identification precedes data
01: identification follows data

2. Page-Heading Cards

The information punched in Cols. 1-72 of the first card and the
information in Cols. 1-54 of the second card will be printed as
a single line at the top of each page of the program output. (If
no heading is wanted, 2 blank cards must be used.)

3. Variable-Name Cards

The number of name cards required is equal to the integral value
of [(NV 1)/12] + 1, where NV is the number of variables in the
problem.

Columns 1-72 of the name cards are read--Cols. 1-6 are used for
the name of the first variable; Cols. 7-12 are used for the name
of the second variable, etc.

-.*
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r, The names should be ordered on the cards as followsNI
c.
c. Columns

c. Card 1: 1- 6 Name of 1st variable
c.
c. 7-12 Name of 2nd variable

Card 2 (if required):

67-12

1-6
7 -12

Name of 12th variable

Name of 13th variable
Name of 14th variable

000 0027

If variable names are not wanted, blank cards must be used.

4. Variable-Format Card(s) (N cards, N < 8, where N is specified
in Col. 29 of the problem card)

The variables are read with F- or E-type specifications. In addi-
tions, the Variable-Format Card(s) must have an A-type specifica-
tion preceding or following the variable specifications, when using
data option above. This is for the purpose of reading the corres-
ponding identification field for each observation; this field is
not included in the variable count of Cols. 7-9 of the Problem Card.

5. Finish_tEnd-of-Job) Card

Columns

1-6 FINISH

This card must be included after the last Data Card of the last
problem to be processed.

Required Subprogram

None

Limitations

Number of variables < 95
Number of observations < 32 768
Number of Variable-Format Cards < 8

Number of rotated variables <-15

6/69
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Job Deck Structure

LIBRARY(MESA1)
LGO.
7-8-9 EOR

(Program-Control Cards and data decks)

Problem Card (1 card)
Page-Heading Cards (2 cards)
Variable-Name Cards
Format Cards
Deck of input data
Finish (End-of-Job) Card

6-7-8-9 EOI

If more than one problem is being processed in a single computer

run, then the cardsshould be ordered in the following sequence.

System cards (see above)
Problem Card
Page-Heading Cards
Variable-Name Cards
Format Cards
Data deck

Problem Card
Page-Heading Cards
Variable-Name Cards
Format Cards
Data deck

Format Cards
Data deck

FINISH Card

1st problem
1st problem
1st problem
1st problem
1st problem

2nd problem
2nd problem
2nd problem
2nd problem
2nd problem

Last problem
Last problem

8
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t, SAMPLE INPUT
N
CD
CD VL0RR.CHINgtEMOW,CM77200. M6SA1

LIQRARy(MEA1)
CD LGO.

CD 1 END OF RECORD

CD LEE S 30 J50130 1

FACTOR ANALYSIS uF PERsONALITy VARIA8LLS (40) ON WOMEN 01NG LARGEST R

AND E vALuEs oF 1o)0 -- uONE bY HoLMEs

1 2 3 4 D 6 7 8 9 10 11 12

13 14 15 lb 17 18 19 20 21 22 23 24

25 2u 27 28 e9 30

(15 F 5.3 / 15 F 5.3)
10104-Jv94 0lu u1ly-0198-0%.43-u650 %/ebb-0314-6330-005e 0019 U071-0054 011

0:68 :,102-6629 J0e9-0256-0075-0074 0074 U344-0036-0077-U061 0012 0113-0059 012

,...,132 10.,,1 0412-U171-0362 0013 0045-0111-0e35 0282 0060-0249 0253-0379-0275 021

- 3193-6176-159 6218 ,..260-0153 0111-6135 0100-0137 0073 008e-0051-0154-0089 042

- 3',94 3422 13:-J199-3272-u102-076-0010-0207 0272-0089-0262 0406-0415-0298 031

-0134-j23C-3138 J344 J223-0136 0121-0181 0046-0013 0110 0147-0172-0e95-0084 032

12-3,51-0172 0183 313 0..16 0119-0176 0304-0131 0069 0082-0048 0002 0058 281

C144 3261 0.57-J.95-01-'4-0120-0t,92 0,3132 0115-0096-J059-0010 1000 0788-0066 282

J113-3;54-.295 0175 J130 0.,36 0041-0116 uU68-0225 6126 0098-0076 0120 0018 291

.12J9 C246 J686-,Au3-241-3112-00 e5 0047 ...o87-0146-o09-0076
0788 1000-0118 292

-3359--3t.)84 cllq 0004-0139-0135 0095 0044-J048-0157 0021-0052 0106 0147 301

3353-3,)5 t;338-JI.:49 6035 U176-0475 0264-0172 0038 0026-0047-0066-0118 1000 302

r 1
I

I EN) OF INFORMATION

C1

0
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VARIABLE
WI. NAME 25 2b 27 28 29 30

PS 2s .280

P6 26 .004 .200

P7 27 .143 .108 .225

28 2R -.046 0.059 -.010 .788

p9 2R -.146 "4079 .076 088 .788

0 30 .038 .026 4047 ...OW, ...118 264

FACTOR ANALYSIS OF PFRSONALITY VARIABLES 1401 ON WOMEN USING LARGEST R AND E VALUES OF 1.00 DONE BY HOLMES

TABLE OF POSITIVE EIGENVALUES

PERCENT OF COMMUNALITY OVER

NO. EIGENVALUE ALL I 301 FACTORS 5 ROTATED FACTORS

1 4.070 34.3 34.3 41.1 41.1
2 2.010 16.9 510 20,3 61.4

3 1.529 12.9 84,1 15,4 760
4 1.215 10.? 74,3 12.3 89.1
5 1078 9.1 83.4 10.9 100.0
6 .801 6.8 90.2
7 .700 5.9 96,1

8 .623 5.2 101.3
9 .545 4.6
10 .416 3.5
11 .3511 3.0
12 .292 2.5
13 .226 1.9
14 .196 1.7
15 .164 1.4
16 .142 1.2
17 .029 .2

18 .014 .1

TRACE OF OkIGINAL MATRIX
COMMUNALITY OVER 30 FAC1ORS

5 FACTORS

11.872
11.872
9.903

.4.

FACTOR ANALYSIS OF PFRSONALITY VARIABLES 1401 ON WOMEN USING LARGEST 8 AND E VALUES OF 1.00 DONE BY HOLMES

UNROTATED FACTOR MATRIX

FACTOk NUMBER I 2 3 4 5 6 7 8

SUM SOUARES OVER VARIABLES 4.070 2.010 1.529 1.215 1.078 01 .700 .623

VARIABLE COMMUNALITY
NO0 NAME 8 FACTORS

1 1 8090 61,231 .278 +.216 +.020ga.357 .6111

2 2
.49A

.059 .101 '1.256 ..102 .064 .100

.079 ..115 .0893 3 0.08/ 0,030 0350 .053

6/69 11
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7P ,R o1 7C .1')3 +051
29 iq .10 .401 697

3,46 -.097 -.13? -.109 Z94 .007
.395 -.009 -.137 -.015 .103 $053
.119 -.067 ..$0444 .039 .104 .139 C)

C)
CD

AcinR AN.4.1-11t, 9vksONAL1Ty VANIARLEs (4Q ON wnoWN USING LARGFST R AND E VALUES OF 1.00 DONE BY HOLMES CD
CD

rAurcr ruulu-J4

KOTATF0

1

FArTr:12 MORN(

3 4 5
,i;IIAkf 1.i kir,-jA.4LES 2.990 1.974 1.971 1.655 1.324

CMTAHLF
tiCo NAmF

Ct: 'WO :I1. 11 Y

I r.qc.

1 1 .r's3 .014 .113 .00A .4470 .136
2 2 0 I -.S14 .p01 ..0414 164 .270
3 1 4, -4 06 -.60U -.304 -.037 ...e016 .142

FACTflp AhAL1,P, Prw;ONALITY VAH1414LEc (401 ON W;ImFm USING LARGEST R AND E VALUES OF 1.00 DONE BY HOLMES

1.';` I FM IS FP.IISH1.1)

29 29 .031 .779 -.0os .082 11276
as 24 .173 .907 -.Ow. .056 .257
le 4h 0Li6 -064 .350 ..089 ...1A7

12
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COST ESTIMATE

0 The sample program exhibited was run with 30 variables. For the
0

job listed on the Sample Input, the total running time was 12.017
0
0 seconds for central-processor time and 22.995 seconds for peripher-

0 al-processor time with a memory usage of 77,200 words. Chargeable
computer time was $2.36.

Charge to user = computer time + postage and handling + network
overhead

= $2.36 + $15.00 + network overhead

= $17.36 + network overhead

CONTENTS--MESA1

pages

1-3 Identification & Abstract
5-8 User Instructions

9-12 I/0
13 Cost--Contents

4/70 13
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0028

Northwestern University Cross Classifica-
tion and Tabulation

NUCROS NUCC017

Vogelback Computing Center,
Northwestern University

Betty Benson
Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and lisLings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

NUCROS is a general program for preparing crossclassifications
(also called crosstabulations or contingency tables) in two, three,

or four dimensions. For all tables, it is also possible to obtain

row and column percentages, chi square, Kendall's tau, the Goodman
Kruskal gamma, and Somers D. A maximum of 99 problems may be exe-

cuted in one run; each run is able to produce up to 72 tables from

a given set of Control Cards and data. Data input may be from

cards or tape. For each problem, a maximum of 9999 cases, with up
to 80 variables/case, may be processed. The input data must be of

the integer type; however, they may be recoded.

REFERENCES

Janda, K., Data Processing (Northwestern University Press', Evans-

ton, Ill., 1968), 2nd ed.

Bonato, R. R., and Waxman, B. D., "A General Cross-Classification
Program for Digital Computers," Behavioral Sci. 6, No. 4, 347-357

(Oct. 1961).

4/70 1
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USER INSTRUCTIONS

The preparation of a data 27!ck for NUCROS necessitates the follow-
ing program Control Cards.

Problem Card (Card 1)

Columns Contents

1,2 Number of problems to be executed (number of times that
NUCROS will be executed)

Title Cards (Cards 2,3)

Columns Contents

1-72 Alphanumeric title or other identifying information (may
be blank, but must be included in the Control-Card deck)

Main-Parameter Card (Card 4)

Columns Contents

1- 4 Number of cases to be read and processed (maximum 9999).
If the number of cases is unknown, punch any number that
is greater than the maximum expected and exercise the
EOFOK option (Cols. 29, 30 of this card). Program will
then read in data until it reaches an end of file

5,6 Number of variables to be read (maximum 80)

7,8 Number of tables to be prepared (maximum 72). A 3- or
4-dimensional output consists of a series of subtables
but is counted as one table only, with respect to the
number punched in this field, as well as with respect
to the maximum of 72

For the options described below, any number larger than zero punched

in the appropriate control field will exercise the option; if the

control field is punched zero or left blank, the option will be by-

passed. (Yes is represented by any number greater than zero and

no by any zero or blank.)

Columns Contents

9-40 Variable-Name Optionpermits the labelling of each table

with an alphanumeric description of each variable. [The

program obtains the descriptions from information punched

into Cols. 1-72 of the Variable-Name Cards (see below),

one for each variable, ordered according to the sequence

continued
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of the variables on the data cards. If this variable-
name feature is desired, then one Variable-Name Card
for each variable to be read must follow the Control
Cards and come before the Data Cards]

11-12 Variable-Recording Option--enables variables to be re-
corded by addition, subtraction, or division by any num-
ber less than 100. It also permits 1- to 5-digit data
to be regrouped into intervals of specified size. (See
Recode-Control Cards, below)

13-14 Data-Tape Option--permits the data to be read from a
separate data tape instead of from cards (recommended
for large numbers of cases)

15-16 Data-Tape-Rewind Option--[used only in conjunction with
the Data-Tape Option (Cols. 13-14)] causes the separate
data tape to rewind after each execution of the program.
(This permits the user to handle more than 80 variables
or to prepare more than 72 tables for one computer run
with the same data)

17-18 Chi-Square Option--causes chi-square values and the con-
tingency coefficient to be computed for each table and
subtable. (The zero-row and zero-column frequencies
are omitted from these calculations)

19-20 Column-and-Row-Percentages Option--causes two additional
tables to be printed for each contingency table, the
first containing the percentages by columns and the sec-
ond by rows. (The zero-column and zero-r(w frequencies
will be eliminated from the calculations of percentages)

21-22 Correlation-Coefficient Option--causes the computation
of several correlation coefficients. The coefficients
computed for each table depend on its numbers of rows
and columns (excluding the zero categories):

Size of Table CorreZation Coefficients

n X n Kendall tau-B, GoodmanKruskal gamma,
Somers D and D

yx xy

n X m Kendall tau-C, GoodmanKruskal gamma,
Somers D and D

yx xy
Size of Table refers to the numbers of rows and columns
after subtracting the zero categories, for the zero-row
and zero-column frequencies will be excluded from the
computation of these coefficients. (If the zero cate-
gory for any variable is desired in the calculation, the
variable can be recoded by adding 1 to every category
(see below)0 continued

0
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23-24 Option for Treating Blanks as Missing Values--instructs
the program to "throw out" blanks; they will not be
counted or processed

25-26 blank

27-28 Nax-Value Option--allows elimination from the row-and-
column percentage tables and statistical computations
of the upper-limit categories of specified variables.
[If exercised, Nax-Value Cards must be prepared (see
Nax-Value Cards, below) and must follow the Max-Value
Cards in the Control-Card deck]

29-30 EOFOK Option--allows the user to process data where the
number of cases is not known, by instructing the pro-
gram to read in data until it reaches an end of file.
The program will process all cases read and will include
in the output the number of cases processed. [If this
option is not exercised (zero or blank in this field),
the program will terminate with an error message if an
end of file is encountered before the number of cases
specified (in Cols. 1-4 of this card) are read]

Format Cards (Cards 5,6, and 7)

The Format Cards instruct the program as to which variables are to
be read and where these are located on the data cards. Variables
are numbered by the program in the order in which they are read.
There must be one I specification per variable and the number of
specifications must be equal to the number punched on Cols. 5,6 of
the Main-Parameter Card. Each case must be on a separate card.
Multiple-card cases can be processed.

Columns 1-80 of each card are available for punching the format.
The statement must begin with a left parenthesis and end with a
right one. The three cards constitute, effectively, one continuols
240-column alphanumeric field, so that, where the format extends
beyond Col. 80 of card 5, it is simply continued onto card 6 and,
if required, to card 7, Cards 6 and 7 must be included in the
Control-Card deck even if they are blank. All data are to be read
with I format.

Maximum-Value Cards (Cards 8 and 8a)

Max-Value Cards state the highest value of a variable (after recod-
ing, if any). The number of categories in the rows or columns of a
table using that variable will be determined by the value entered
in the corresponding field of Control Cards 8 and 8a. Max-Value
can, however, be used to eliminate categories at the upper end of

continued
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the range. To do this, the Max-Value for the given variable should
be set equal to the highest value desired.

The minimum value for all variables is automatically set at zero.
Negative values are treated as out of bounds and are not counted.
Thus, if a user had negative values in his data and he wanted these
categories to be processed, he would have to recode the variable in

question. Conversely, if a user had several lower categories that
he desired to eliminate, he should recode so as to set these values
negative.

Card 8 has 40 control fields (one field for each variable) of two
columns each. The Max-Value of variable 1 is punched in Cols.t1,2,
that of variable 2 in Cols 3,4, etc. Card 8a has 40 control fields
for the 41st-80th variables. If SO variables are to be read, the
first 40 maximum values are punched on card 8 and the values of the
41st-50th variables would be punched in Cols. 1-20 of Card 8a. Note
that card 8a is to be used only if more than 40 variables are being
read.

Nax-Value Cards (Cards 8b and 8c)

The Nax-Value Cards have 40 two-column fields, one field per vari:,

able. The numbers punched in these fields determine the value
ranges that will be used in the generation of percentage tables
and statistical computations, if the Nax-Value Option (Cols. 27,
28 of the Main-Parameter Card) has been exercised. In this case,
Percentage-Table, Chi-Square, and Correlation-Coefficient Options
also would have been specified on the Main-Parameter Card.

The user must specify a value on these cards for each variable be-
ing read, whether or not it is a variable whose upper limit is be-
ing altered for percentage computations. If five variables were
being read, each with a value range of 1-4, and if it was desired
to eliminate category 4 of variable 2, the Nax-Value Card would be
punched 0403040404. The Max-Value Card, determining the categories
used for table construction, would be punched 0404040404.

Again, if only 40 variables are being read, then only one Nax-Value
Card need be prepared. The Nax-Value of a variable must be less
than or equal to the Max-Value. If the Nax-Value is inadvertently
punched as a value greater than the Max-, the program will termi-
nate with an error message.

continued
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Table-Selection Cards (Cards 9-12)

Cards 9a and 9b

Cards 10a and 10b

Cards lla and llb

Cards 12a and 12b

First-dimension (column) variable

Second-dimension (row) variable

Third-dimension variable

Fourth-dimension variable

000 0028

The Table-Selection Cards are used to instruct the program as to
which variables are to be used in constructing each table. The

user identifies these variables by the order in which they were

read (as specified on the Format Cards).

Each card consists of 40 two-column fields, one field per table.

A maximum of 40 tables can be specified with the use of the "a"

cards. If more than 40 tables are desired, the specifications are
continued on the "b" cards. Where no more than 40 tables have
been called for, the "b" cards should not be included in the
Control-Card deck.

The first field for each of cards 9a, 10a, lla, and 12a corresponds

to the first table that the computer will construct. (If the user

wishes to crosstabulate variable 26 by variable 13 in table 1, he

punches 26 in Cols. 1,2 of card 9a and 13 in Cols. 1,2 of card 10a.

Variable 26 will then appear along the columns of the first contin-

gency table and variable 13 in the rows.) If only a hivariate dis-

tribution is desired, the corresponding fields in cards lla and 12a

should be left blank. If, however, the user wants to crossclarify

the same pair of variables while holding a third variable constant,
he should punch the number of the third variable into Cols. 1,2 of

card lla. A fourth variable can be introduced-in-the table the

same way with the use of card 12a.

When a third variable is used in a table, a separate subtable is
prepared for each category of the third variable. The computer

screens the data, selects all observations falling into the first

category of the third variable, and prepares from this subset of

the data a crossclassification of the first and second variables
selected. It then follows the same procedure for the second cate-

gory of the third variable, etc. (If sex, with a value range of

1-3, had been selected as a third-dimension variable, three separ-

ate crossclassification tables would be generated: for individuals

of sex 1 by variable x by variable y, of sex 2 by x by y, and of

sex 3 by x by y. If the set of data being processed did not in-

clude any individuals of sex 3, the subtable would be all zeros

and would not be generated.)

10/69 7
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There is no limitation on the number of categories for third- or
fourth-dimension variables, but, since a subtable is prepared for
each value (except zero) of a third-dimension variable, a user
would generally wish to avoid selecting one with a large number of
categories. When a fourth-dimension variable is used, a subtable
is generated for each combination of values of the third- and
fourth-dimension variables (except zero); i.e., the number of sub-
tables generated is equal to the number of categories (Max-Value)
for the third variable multiplied by the number of categories for
the fourth. A given variable may be selected for as many tables as
desired, or for none at all.

The largest table that the program can handle is 20X99; 21 columns,
including zero, is the maximum table width. Similarly, 100 rows,
including zero row, is the maximum table length. Therefore, Max-
VaZue of a first-dimension variable shouZd never be more than 20.
A variable with more than 20 categories can be used as a first-
dimension variable by setting the Max-Value at 20, thereby elimi-
nating categories beyond this limit. If this is not appropriate
to the research, existing value ranges can be altered by means of
recoding (see Recode Control Cards). Note again that the Max-Value
of a variable means the highest value to be processed after recod-
ing, if any. Therefore, selecting variables, setting Max-Values,
etc., should always be based on the Post-Recode value range rather
than on the original value range.

Table-Selection Cards should be prepared as follows.

Card 9a. Forty control fields (one per table) of two columns each.
The number of the variable that a user has selected as his first-
dimension variable for table 1 should be punched in Cols. 1,2, the
first-dimension variable of table 2 should be designated in Cols.
3,4, etc.

Card 9b. If more than 40 tables have been called for, then an ad-
ditional 32 control fields (two columns each) are available on card
9b, to provide a maximum of 72 fields. Card 9b, if used, should be
placed immediately behind card 9a. Where no more than 40 tables
have been called for, card 9b should not be included.

Card(s) 10a3 b. Forty control fields, one per table; information
continued onto following card 10b onZy if necessary (same as above).
Second-dimension variables are designated in this card or pair of
cards.

Card(s) 11a, b. Same as cards 9 and 10, except that third-dimension
variables are designated on card(s) 11. Where no third dimension is

continued
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4

CO desired, the corresponding control field of card(s) 11 must be

0 zero or blank. (Card lla must be included even if all tables are
0 two-dimensional and the card is entirely zero or blank. Similar-

0 ly, card llb must be included, whether blank or not, but only if
0 more than 40 tables are called for.)

Oard(s) 12a b. Same as above, except that fourth-dimension vari-

ables are designated on card(s) 12.

Example. Five tables are desired, as follows.

Table 1 Table 2 Table 3 Table 4
Cols. 1,2 Cols. 3,4 Cols. 5,6 Cols. 7,8

Table 5
Cols. 9,10

Card 9a
1st Dim. 17 12 8 4 4

Card 10a
2nd Dim. 2 14 6 12 14

Card lla
3rd Dim. 5 2

Card 12a
4th Dim. 5

These Table-Selection Cards would indicate to the computer
that variables 17, 2, and 5 are to be used in constructing
the three-dimensional table 1, etc.

Recoding Option

The six types of recoding operations are--

Code Option

01 Recode by adding some constant to the value

02 Recode by subtracting some constant from the value. (Where

a negative value results, datum is treated as out of bounds)

03 Recode by dividing some constant to the value (no rounding;
e.g., 89/30 = 2)

04 Recode by regrouping the data into specified intervals

05 Recode by regrouping the data into specified intervals and
addition

06 Recode by regrouping the data into specified intervals and
subtraction

07 Recode by regrouping the data into specified intervals and
division

10/69 9
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If the Recode Option (card 4, Cols. 11-12) is "no," Recode-Control
Cards should not '10 used. If the Recode Option is "yes," Recode
Control Cards must be prepared as follows.

Note that, if more than 40 variables are being used, and if recod-
ing has been called for, then a second Recode-Selection Card mustbe prepared, whether blank or not, and placed right after the first
Recode-Selection Card; and a second Constant Card (blank or not)
must be placed behind the first Constant Card,

Recode-Selection Card(s)

Eighty fields (one per variable), of two columns each. The first
40 fields for the first 40 variables are on Recode Card 1; the
fields for variables 41-80 are on card 2.

The number of the recode type (shown above) to be used for a given
variable should be punched in the corresponding control field. If
a given variable is not recoded, the corresponding control fieldmust be blank or zero.

Constant Card(s)

Eighty fields (one per variable) of two columns each. The first40 fields for the first 40 variables are on Constant Card 1; the
fields for variables 41-80 are on Constant Card 2.

The constants to be used for the addition, subtraction, or division
recoding operations should be given in the corresponding fields of
the Constant Card. If, for example, it is desired to recode vari-able 7 by subtracting a value of one from each category, the code
number 02 should be punched in Cols. 13,14 of Recode Selection Card1 and the constant 01 punched on Cols. 13,14 of Constant Card 1.

Where no recoding or recode type 04 was called for, the correspond-ing field on the Constant Card is irrelevant. The Constant Card(s)
must be included if the Recode Option was specified on the Main-
Parameter Card (even if type 04 is the only recode operation calledfor and thus the entire Constant Card(s) is irrelevant).

Regrouping Card(s) [Upper-Limit Card(s)]

If coding by regrouping (types 04, 05, 06, or 07) is specified for
one or more of the variables, then the user must prepare one Regroup
Card (also called Upper-Limit Card) for each variable to be recoded
in this manner. Regroup Cards used must be in order according to
variable sequence. Where no variables are being regrouped, no Re-
group Cards should be used.

continued
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Each Regroup Card contains 16 five-column fields (from Cols. 1

0 through 80), providing a maximum of 16 categories into which each

0 variable might be regrouped. Reading from left to right, the first

0
0 5-column field should contain the upper limit of the first interval

0 into which the data are to be regrouped; the second 5-column field

should contain the upper limit of the second interval; etc.

If recode types 05, 06, or 07 are requested, the regrouping will be

done before addition, subtraction, or division. Assume, for exam-

ple, that it is desired to recode raw age figures into these cate-

gories: under 21, 21-30, 31-40, 41-50, and 51 to age 100. The Re-

group Card for this variable should contain the value 00020 in Cols.

1-5, 00030 in Cols. 6-10, 00040 in Cols. 11-15, 00050 in Cols. 16

20, and 00100 in Cols. 21-25. The Max-Value for this variable

would be 4, since all data of the given variable with values less

than or equal to the first upper limit (Cols. 1-5) are set to zero;

data values larger than the first upper limit but less than or

equal to the second (Cols. 6-10) are recoded as 1, etc. Successive

intervals are defined by their upper limits and all values falling

in the kth interval are set equal to k 1; they become the (k uth

category. See illustration below.

Original Data Values 0-20 21-30 31-40 41-50 51-100

Regroup Card 00020 00030 00040 00050 00100

Values after Regrouping 0 1 2 3 4

(Max-Value)

Variable-Name Cards

A set of Variable-Name Cards must be used whenever the Variable-

Name Option (card 4, Cols. 9-10) is specified and must not be used

where it is not. The set must include one card for each variable

read. The name or description of each variable should be punched

in Cols. 1 72, one card per variable.

Limitations

Number of variables <80

Number of tables per problem <72

Number of problems per run <99

Number of cases <9999

Largest table 20X99

10/69
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There is no limitation on the number of categories for third- or
fourth-dimension variables, but, since a subtable is prepared for
each value (except zero) of a third-dimension variable, a user C"

would generally wish to avoid selecting one with a large number of
categories. When a fourth-dimension variable is used, a subtable
is generated for each combination of values of the third- and fourth-
dimension variables (except zero); i.e., the number of subtables
generated is equal to the number of categories (Max-Value) for the
third variable multiplied by the number of categories for the fourth.

Job Deck Structure

System Control Cards
Job Card
REQUEST(TAPE1,n,m) HANG REEL XXXX

(where n = density
and m = X, if data
tape has not been
written by the 6400)

LIBRARY(NUCROS)
LGO.
7-8-9 (End of Record)

(NUCROS Control Cards)
1 Problem Card (required)
2,3 Title Cards (required)
4 Main-Parameter Card (required)
5,6,7 Format Cards (required)
8,8a Max-Value Card(s) (required)
8b,8c Nax-Value Card(s) (optional)
9,10,11,12 Table-Seleétion Card(s)

If more than 40 tables are
specified, order of Table-
Selection Cards must be 9a,
9b,10a,10b,...,12b (required)

Recode-Selection Card (only if recoding
is called for)

Constant Cards (only if recoding is
called for)

Regroup Cards (only if regrouping is
called for)

Variable-Name Cards (only if Variable-
Name Option is exercised)

Data cards, unless data input is on tape
6-7-8-9 (End of Information)

12

343

If data are on tape

Repeat for as many
problems as necessary
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cq SAMPLE INPUT
CD
CD

VLORROMMOMMINEMCM7P600. MICROS

CD LIRRARY(NUCROS)

CD 100.

CD 01
N00105 CROSS CLASSIFICATION PROGRAM EVESAMPLE

100 2 13344 0 0 1 1 1 n 0 0 0
124)1,211)

t*Zr

0306
01
02

000 0028

0101
0101
r4168

VISIT
C24 9521 551102130 m EVES

C24 103101242103111 5125 EVES

C24 24750 9 03030 0 124 EVES

C24 27750 9 03030 10 5124 EVES
c24 3639117531321 00 6404 EVES

C24 3763110523031 30 325 EVES

C24 4239112521031 11 9314 EVES

C24 4934114521020 2117s15 EVES

C24 5533012 41000 22 F1004 EVES

C24 6237112521121 11 7104 EVES

C24 6640110321121 54 5112 EVES

C24 6736112531131 6412714 EVES

C24 6826012 21031 00 124 EVES

C24 7241012441031 20 9211 EVES

C24 26043110231131 57 91e4 EVES

C24 26237112341121 65 114 EVES
C24 265551 6321030 10 113 EVES

C24 267391 9321131 51 6114 EVES

C24 27142116521121 00 4002 EVES

C24 27227115541201 7011514 EVES

C24 27333015531121 5o 6014 EVES
C24 27963116 41031 SO 9114 EVES

C24 26136016 41031 4315500 EVES

C24 26836010 11001 1412310 EVES

C24 29153012 41131 30 9004 EVES

C24 29232114531000 10 4214 EVES
C24 293561 9521021 40 5115 EVES

C24 29451117541021 5112313 EVES

10/69 13
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SAMPLE OUTPUT
C)
CD
CD

NuoROS CROSS CLASSIFICATION PRCGRAM LVESAMPLE CD
CD
NJ

TOTAL CASES ExPECTEC= 100 PROBLEM NO. 1 nF I 00

FORMAT IS (24X,2111

VAR/ABLE 1 2
1141(0/ALOE 3 6

TABLE Nn. VARIABLES
1 I 2

RFOOOING OPTION CALLED FOR

MAXIMUM VALUES
3 6

VAR,
NO,CODE CONST, REOCE0 CATEGORIES (UPPER LIMITS,

VAR.NO.

NBR
2 VISTT

14

345
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COST ESTIMATE

For the job listed on the Sample Input, the total running time was
0.953 seconds for central-processor time and 19.E96 seconds for
peripheral-processor time with a memory useage of 72,600 words.
Chargeable computer time was $1.00 (Northwestern University mini-
mum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS NUCROS

pages

1 Identification & Abstract
3-12 User Instructions

13-15 I/0
17 Cost--Contents

4/70
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

'FUNCTIONAL ABSTRACT

EDUCATIONAL INFORMATION NETWORK

000 0029

Critical-Path SummaryProbability Statistic
Based on Normal Curve

PERTC NUCCO22

Vogelback Computing Center
Northwestern University

Vogelback Computing Center
Northwestern University

CDC FORTRAN

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

PERTC produces a detailed scheduling network, final critical-path
summary, and probability statistic for events that are normally
distributed about some mean.

REFERENCES

Rogers, H.B., "Construction Project Pert Network," Northwestern
Univ. Grad. School Business (Jan. 1964; unpublished). A reference
copy may be obtained from the EIN office for the cost of duplica-
ting and mailing.
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M USER INSTRUCTIONS
0
0

Description of Input Data
0
0

Problem Setup Card

EDUCATIONAL INFORMATION NETWORK

000 0029

Columns Contents

L 3 Number of activities i.e., the number of occurrences
that happen between two arbitrarily established
points in time that the network plan uses for estima-
tion

4 6 First activity number to begin the network i.e.,
the starting point

T 9 Last activity number to end the network

10-14 Completion time desired; if none specified, mean is
assumed and the probability statistic will be .5

Activity-Card Setup

There will be a number of Activity Cards less than or equal to 999
and equal to the number punched into Ccls. 1-3 on the Problem Card.

Note: Maximum number-value assignment with which one may identify
an activity is 999. This is a function of the program and in no
way is necessarily binding if one should care to change certain ele-
ments in the source program.

Columns Contents

1 6 Any alphanumeric information; if punched, it must be
punched on all Activity Cards. It is a job-batch
check

7 9 Predecessor-event number

10-12 Successor-event number

13-17 Optimistic time estimate (F5.0)

18-22 Most-likely time estimate (F5.0)

23-27 Pessimistic time estimate (F5.0)

A blank card must follow the set of Activity Cards.

Jobs may be stacked one on top of the other. The last card in each
group of jobs must be blank.

continued
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Description of Output

Primary Outputconsists of complete activity table consisting of

(1) Predecessor-event number
(2) Successor-event number
(3) Optimistic time estimate (OTE)
(4) Most-likely time estimate (MLTE)
(5) Pessimistic time estimate (PTE)
(6) Weighted time: [OTE + 4(MLTE) + PTE]/6
(7) Earliest time that an event can be expected to be completed
(8) Latest time for the predecessor event for the given activity
(9) Latest time for the successor event for the given activity

(10) Slack time allowable along this activity's path

Secondary Outputconsists of a table showing pert calculations and
critical-path summary. In the case of a parallel path, the com-
puter takes one of the paths only. If it is seen that a path was
chosen that does not have the highest variance, merely pull the
cards that were chosen and resubmit. The probability statistic
will then be corrected.

The output in this table consists of the activity identification,
the optimistic and pessimistic times, the earliest time that an
event could be completed following achievement of the predecessor
event, the calculation of the range (OTE-PTE), the range/6, and the
variance [(range/6)2]. These things come out for each activity on
the critical path. The ratio of the standard deviation to the mean
is calculated, and then a probability statistic is printed.

Error Indications (See also Additional Information, below)

The program will print out error messages in the event of unspeci-
fied completion times or errors in the Start Card.

Limitations (See also Additional Information, below)

Maximum 999 Activity Cards allowed; not more than 50 dependent de-
cision links. All events must eventually terminate by linking up
to the last even that you designated in the card that sets up the
problem.

Additional Information

General Program Precautions

No event may appear in the predecessor-event column unless it is
listed previously in the successor-event column of a preceding
Activity Card. Exception: the first event in the network. If
this specification is violatPd, the following will print out:

continued
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LOOKING FOR PRECEDING EVENT NUMBER FOR ACTIVITY CARD NUMBER
o and your output will be valueless. The number that prints out is
o the total number of cards to remove from the data deck. The fol-
io lowing card will be the incorrectly punched or linked card. The
o
0

offending number will be punched in Cols. 7-9. Activity-number
assignments are arbitrary. You may use a number only once, but it
makes no difference if you begin high, low, or intermediate in the
number series. If you follow the precaution above, you will be
correct.

The program assumes that there will not be more than SO dependent
decision links in a network of 1000 or less events. If this is
found to be incorrect, the necessary change may be made on the
FORTRAN statement following statement 5 in the source program
(DO 503 M = 1,50).

Job Deck Structure

Job Card
LIBRARY (PERTC)
LGO.
7-8-9 EOR,

Problem Card repeat
Activity Cards for each
Blank card job

6-7-8-9 EOI



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0029

SAMPLE INPUT
Ch
r4
CD NV9414,011MINOMMEMION(lo,73no. PEPTC
CD L1q9ARY(PEqTc.)

LGI.
CD 147100q99
c) 100101 1.% e.0
C7 100110 3o 411)

100201 so) 0,( 6.0
100R01 1.o e..) 2.0
100807 4,0 6.0
101107 1.4 c.c. 1.)
10110A 2.0 h.o 7.0
101106 2.h 3.0 6.0
107101 0.0 0.0
1031017; 1.4 e.0 1,0
103300 3.0 4.0 %.0

770910 1.0 cl:! 7.S
/1025 124,7, 14.0 14.0
7257i0 3.0 4.0 c.o
g01801 1,n 1.9 I.%

A01715 0.o 0.1 n.0
801716 0.0 0.0 0.0

716726 12.0 14.0 1$4.0
726760 3.0 4.0 5.0

A03805 0.h 1.0 1.2
Ne5315 0.0 0.0 0.0

A0S415 0.0 0.0
805515 0.0 0.0 0.0

$05990 2.0 340 5.0
$105615 0.0 0.0 0.0
90090c 0.14 1.0 1.2
905910 2.0 4.0 4.0
90%955 NO k40 1290
9309%5 0.0 0.0 0.0
q55770 0.0 0.0 0.0
9559b5 2.0 2.0 4.0
96537n 0.0 0.0 0.0
96%300 00 0.0 0.0
(165570 0.0 0.0 0.0
9655M0 0.0 00 0.0
9657R0 0.0 0.0 0.0
965672 0.0 0.0 0.0
990995 2.0 2.0, .0
995999 to to\ 1.0

12/69 7 32
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COST ESTIMATE
CD
CD For the job listed on the Sample Input, the total running time was
CD 60.323 seconds for the central-processor time and 14.756 seconds
CDa for peripheral-processor time with a memory useage of 57,300 wcrds.

Chargeable computer time was $8.98.

Charge to user = computer time + postage and handling + network
overhead

= $8.98 + $15.00 + network overhead

= $23.98 + network overhead

CONTENTS PERTC

pages

1 Identification & Abstract
3-5 User Instructions

7-11 I/0
13 Cost--Contents

4/70 13
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EDUCOM

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

EDUCATIONAL INFORMATION NETWORK

000 0030

Punch and Print Rankings

PPRANK NUCCO23

Vogelback Computing Center,
Northwestern University

Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

PPRANK is able to rank raw data for as many as 100 subjects on as
many as 140 variables and to punch out these ranks. A nonparametric
Spearman productmoment correlation is performed upon the ranks,
with respect to the raw data. Consensus ratings may be produced
and tested for significance by using the Kendall W coefficient of
concordance. No missing-data option is available.

The subjects are ranked with respect to each variable. The rank 1
is assigned to the subject with the smallest (i.e., most negative)
sample value of the variable being considered. Subjects that tie
at a sample value are assigned a rank that is the average of the
tied ranks. A consensus ranking of the subject can be selected by
specifying as many as 20 variables as the ones whose ranks are to
be summed and ranked. The consensus ranking itself then becomes
an additional variable. Ties among the sums of ranks are resolved
by comparison of the sums of squares of ranks; the smaller the
sum of squares of ranks, the lower the rank assigned the sum of
ranks. Should ties still persist, an average rank is assigned. It
is not statistically sound to form consensus ranks from variables
that are-not in accord (as measured by a W test at the significance
level set by the user).

10/69 1
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EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0030

0 USER INSTRUCTIONS
tr)

0
Description of Input

0
The five types of cards used for input to PPRANK are the Problem
Card, the Format Card(s), the Subject-Name Card(s), the Consensus-
Variable Card(s), and the Finish Card. Variable format :is used in
the reading of input data.

Problem Card

Columns Parameter Contents

1 6 *SETUP

7 9 ISUB Number of subjects (<100)

10-12 IVAR Number of variables before any consensus
variables are formed (orig. + consensus
<140)

13 IARR Value of IARR (see below)

14 INAME = 1 if Subject-Name Card(s) are to be used
(see below)

1 otherwise

15 IFORMT Number of Variable-Format Cards (<9)

The parameter IARR controls the reading of data, according to the
following coding.

IARR = 1

IARR = 2

IARR = 3

ISUB sets of data cards are read in; a set may consist
of one or more cards. The first value read off each
set is an identification (IDENT) for that set (<A6).
The IDENT is followed by the IVAR sample values of the
variables on the subject represented by this set

Same as above, except that IDENT is read after the
IVAR sample values

IVAR sets of cards are read in, one for each variable.
Each set contains the ISUB sample values of one vari-
able on all ISUB subjects. No IDENT is read for the
subjects; it is assumed that IDENT is blank for every
subject

Subjects are assigned names in one of three ways:

(1) The IDENT for each subject can be read off each data set--
IARR = 1 or 2). This IDENT could be all blanks, especially
if IARR = 2

continued
tr)

10/69 3 a
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(2) The IDENT is assumed to be blank if IARR = 3 .

(3) Subjects may be named on Subject-Name (*SNAME) Cards. Any
IDENT read under (1) or assumed under (2) above is supersed-
ed by a name specified on an *SNAME card

The formation of consensus variables is controlled by *ADVAR cards.
The formation of a consensus variable increases the number of vari-

ables by one. Restriction: The sum of original variables and con-
sensus variables must be <140.

Format Card(s)

Columns Contents

1 6 *FORMT

7-72 Format (in F or E notation)

Examples for ISUB = 30, IVAR = 21, for which each set will contain
three cards:

if IARR = 1, then IDENT is read first, followed by 21 sample values
*FORMT(A6,7F10.0/(6X,7F10.0)) or
*FORMT(A6,7F10.0/2(6X,7F10.0))

if IARR = 2, then IDENT is read after the 21 values
*FORMT(2(8F10.0/),5F10.0,A1)

if IARR = 3, then 30 sample values are read in with no IDENT
*FORMT(10F8.0) or
*FORMT(3(10F8.0/))

Subject-Name Card(s)

Columns

1 6
7-12

13718

61-66

1-6
7712

61-66

Card

1

2

Contents

*SNAME

IDENT for 1st subject

IDENT for 2nd subject

IDENT for 10th subject

*SNAME

IDENT for llth subject

IDENT for 20th subject

*

4

360

continued
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Include only as many *SNAME cards as are needed. For example, if
ISUB = 41, five *SNAME cards would be required.

Consensus-Variable Card(s)

The presence of the Consensus-Variable Card causes the number of
variables (IVAR) to be increased by one.

Type One

Columns Parameter Contents

1 7 *ADVAR1

8-10 NADD Number of variables used to form this con-
sensus variable (<20)

11-13 IADD(1) Number of first variable to be used

14716 IADD(2) Number of second variable to be used

IADD(NADD) Number of last variable to be used

EachlADD value must be less than or equal to the present value of
IVAR (i.e., >1 and <139).

Tupe Two

Parameter Contents

*ADVAR2

Columns

1 7
8-10 ISTART Number of first variable to be used (>1)

11-13 ISTEP Increment by which to increase the number
of variable to be used (>0)

14-16 ISTOP Number of last variable to be used (<139
and <IVAR but >ISTART)

Note: As many as 139 variables can be used to form a consensus
variable by using an *ADVAR2 card.

Finish Card

Columns Contents

1 6 *FINIS

Note: No punched output can be obtained until after a *FINIS card
has been read.

10/69 5 361
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Description of Output

The output consists of a set of cards for each subject. Each card
in a set contains as many as 14 ranks. The number of cards in a
set is determined by the total number of variables. (For example,
30 would be punched as the second rank on the third card of each
set.) The format is (13,I1,A6,14F5.1) for each card in the set.

Columns Contents

1 3 Number of the subject (<100)

4 Position of this card in its set--i.e., 0
is the first card, 9 is the tenth.

5-10 Identification for the subject (IDENT)

11-80 Ranks

The printout consists of the original variables listed with the
rank for each subject. Following this are the consensus variables
and the ranks of the subjects on the sum of the ranks. For each
consensus variable, the Kendall W coefficient is calculated and
the chi square is calculated with the proper degrees of freedom
for testing the significance of the consensus variable. Finally,
a matrix is labelled as card output is printed, containing the
same information as the punched cards.

Limitations

Number of original and number of consensus variables <140

Number of subjects <100

Number of Variable-Format Cards <9

Number of variables in consensus <20

Job Deck Structure

Job Card
LIBRARY(PPRANK)
LGO.
7-8-9 (EOR Card)
Problem Card
Format Card(s)
Data Cards
Subject-Name Card(s), if used
Consensus-Variable Card(s), if used
Finish Card
6-7-8-9 (BOI Card)

000

6

362

Repeat if multiple run
is desired
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CD SAMPLE INPUT
v)
CD
CD VLORRICIIIIITINSICM51800. PPRANK

LTRPARY( K
CD L804
CD 03f7UP017111301
CD OPORPTI8X,171P1.0.2)01

01084450322266429533418511234444333433f49513630326417142633
010094504203215143737334433425620238249620526531421438333527
01070450424323238539437438327534239435621729534430135331627
0108145043233111475214265293356394374336316 2326231437231729
0108045082533884554332124833853042520630411739144423422424
01046450540335411540530333242742321421625424433,39430149843
01001450469334333737436432234439337530638538838639235132433
01023450434234341540339436422632141243744623431%24339437521
01008450520423146837244424440545245344645745435140344433531
01082450449349347445445813240548147340749644442435531242545
01041450768140443645440443242544240344543446342842643345440
040YA52001001003
*MA82001001004
0mAR2001001005
PADVAR2001001005
0A8VA52001001007
0A0 VAR2001001008
040,14142001001009
0ADVA82001001010
80VAP2001001011
*FINIS

eSET1JP017012301
*F0RMT(8X,171F1.0.2X))
01041443848242241145446489748641549345549448348646547440344
01001443638830233732235438534537435535432335437331434139335
01048443435532327424238413538138840430327520249412745642333
01023443335522827333246817138428648242838433323433741539816
01008443734640641413141435323310545444422219538234431538317
0107944333972253232433642243722153243030427420136835835228
01081443533643428714236423532230424333423111320420531640338
01088843528840840326233326530410746221327423148423417527415
01482643841716224428326313438410543340527515422415635245141
010834433263214 45385281 92377 4832334424526834417428231425
01000443524635423834234418317523743428314425313134224536417
01009843518829334513238422419138/38341617417227413538620319
A8VAR20010010P3
PAOYAR2001001004
040VAR2001001008
PA0VA82001001006
*MA012001001007
AOYAR2001001000
PAOYAR2001001009
P40 VAR2081001010
*ADVAR2001001011
A0VA82001001012
*MTN

10/69

2.'29
2.447
2.647
2.75
2.524
3.000
3.000
3.054
3.412
3.704
4.000

4.000
3.000
2.786
2.786
2.706
2.588
2.529
2.412
2.412
2.35
2.119
2.000

000 0030

13 additional runs
included here

7 additional runs
included here

tn
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EDUCOM

CARO OUTPUT

EDUCATIONAL INFORMATION NETWORK

000 0030

10 5.0 9.0 9,0 9.0 15.5 13.0 9.0 9.0 13,0 9.0 17.0 9,0 9.5 11,0

11 11.0 11.0 11.0 11.0 11,0 11.0 n,0 0.0 0,0 0.0 0.0 0.0 0.0 0,0

PO 2.5 5.0 5.0 5.0 5.0 5.0 5.0 2.5 9,0 SO 1.0 3.0 3.0 1.0
2.0 3.0 2.0 .?.0 3.0 2.0 0.0 00 0.0 0.0 00 00 0.0 0.0

10 9.0 1.0 P.5 1.0 15.5 9.0 5,0 5.0 1.0 5.0 9.0 4.0 2.0 6.0

11 6.0 5.0 5.0 4.0 5.0 5.0 0.0 0.0 00 00 0.0 00 00 0.0
40 13.0 17.0 11.0 13.0 13.0 13.0 17,0 13.0 15,5 9.0 13,0 14*5 144C 15O
41 14.0 1601. 16.0 16.0 15.0 16.0 no 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SO 9.0 5.0 9.0 90 5.0 13.0 9.0 %.0 2,5 9.0 9.0 9.0 9.5 8,0

51 9.0 9.0 9.0 9.0 9.0 7.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 060

AO 1300 9.0 9.0 13.0 2,5 5.0 9.0 9.0 9,0 15.5 9.0 11.0 11.0 10.0

Al 10.0 10.0 100 10.0 10.0 10.0 0.0 0.0 0.0 0.0 0.0 00 00 0,0

70 2.5 9.0 5,0 5.0 5,0 2.5 P.5 9.0 9.0 2.5 2.5 5.0 5.0 340

71 3.0 2.0 4.0 5.0 4.0 4.0 NO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AO 9.0 15.5 110 15.5 13.0 17.0 9.0 15.5 13,0 1300 13.0 18.0 13.0 13.0

81 15.0 14.0 14.5 13.5 13.5 14.0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.0

90 5.0 2.5 P.R 9.0 9.0 5.0 5.0 1.0 2.5 1.0 2.5 1.0 4.0 5.0

91 D.0 4.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1n0 9,0 2.5 9.0 9.0 PoS 9.0 11.0 2.5 5.0 SO 540 7,00 BO 7,0

101 7,0 8.0 7,0 7.0 6.0 6.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0

110 17.0 15.5 15,5 13.0 13,0 15.5 11.0 17.0 15.5 17.0 13.0 17,0 16,5 17.0

111 17.0 17.0 17.0 17.0 17.0 170 non 0.0 003 00 0.0 0.0 0,0 040

120 13.0 13.0 17.0 15.5 9,0 9.0 13,0 15.5 17.0 154 9.0 14.5 150 144
121 13.0 13.0 11.0 15.0 16.0 15.0 0.0 00 0.0 00 0,0 0.0 0.0 040

110 15.5 13.0 13,0 5.0 17.0 9.0 15.5 9.0 9,0 9.0 5.0 15.0 :2,0 12,0

111 12.0 12.0 12.0 1,0 12.0 12.0 0.0 0.0 00 0.0 0.0 0.0 000 0.0

140 5.0 9.0 9.0 2.5 1.0 2.5 15.5 11.0 5,0 9.0 15.5 9,0 6.0 4.0

141 4.0 6.0 NO 8.0 80 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ISO 9.0 9.0 1.0 900 9*0 9.0 PoS 5.0 5,0 13.0 15,5 6.0 7.0 900

151
lAn

8.0
1.0

7.0
5.0

AO
c.0

6.0
2.5

7.0
9.0

5.0
1.0

no
1.0

00
90

0.13

9,0
0.0
2.5

0.0
5.0

0.0
2.0

0.0
1.0

0.0
2,0

161 1.0 1.0 1.0 2.0 2.0 5.0 0.0 0.0 0,0 0.0 0.0 00 0.0 0.0

170 15.5 13.0 15,5 170 9,0 15.5 9.0 130 13,0 13,0 9.0 16,0 16,5 16.0

171 16.0 15,0 14,5 13.5 13,5 13.0 0.0 0.0 0.0 0.0 000 000 040 0.0

continued
01

10/69 9
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CAPO OUTPUT

10 15.5 1.5 9.0 5.0 17.0 5.0 11.0 13.0 15.5 5:0 13.0 13.0 16.0 15.0
11 15.0 135 13.0 13.0 14.0 14.0 14.0 1400 0.0 0.0 0.0 0.0 0.0 0.0
20 2.5 15.5 11.0 13.0 15.5 17.0 15.5 15.5 17.0 5.0 15.5 15.5 13.0 13.0
21 14.0 1500 16.0 17.0 17.0 16.0 16.0 1600 0.0 0.0 0.0 0.0 0.0 0.0
10 2.5 2 5 5.0 15.5 15.5 13.0 9.0 15.5 2.5 9.0 9.0 5.0 1.0 4.0
11 8.0 100 9.0 11.0 10.0 1000 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40 1.0 1700 9.0 5.0 9.0 5.0 17.0 500 9.0 13.0 15.5 13.0 11.0 7.0
41 7.0 500 10.0 9.0 9.0 9.0 12.0 1200 0.0 0.0 0.0 0.0 0.0 0.0
50 9.0 P.5 2.5 2.5 1.0 5.0 p.5 p.5 5.0 13.0 2.5 2.5 2.0 1.0
51 1.0 1.0 1.0 1.0 1.0 100 1.0 1.0 0.0 000 0.0 0.0 0.0 0.0
AO 9.0 9.0 4.0 9.0 9.0 9.0 9.0 5.0 5.0 1.0 9.0 9.0 7.0 8.0
61 1000 900 8.0 6.0 R. 5.0 60 6.0 0.0 0.0 0.0 0.0 0.0 0.0
70 17.0 13.0 13.0 100 5.0 9.0 13.0 1300 9.0 2.5 5.0 9.0 17.0 14.0
71 12.0 11.0 12.0 12.0 12.0 11.0 10.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0
RO 15.5 13.0 1.0 9.0 5.0 2.5 2.5 9.0 9.0 17.0 13.0 1.0 12.0 104
81 9.0 6.0 6.0 7.0 6.0 8.0 R.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0
90 13.0 9.0 15.5 15.5 13.0 13.0 9.0 17.0 13.0 15.5 17.0 17.0 14.0 16.0
91 17.0 16410 15.n 16.0 15.0 17.0 17.0 1700 0.0 0.0 0.0 0.0 0.0 0.0

100 5.0 13.0 9.0 2.5 4.0 9.0 5.0 2.5 5.0 5.0 9.0 5.0 9.0 5.0
Inl 5.5 7.5 70 5.0 4.0 3.0 4.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0
110 13.0 9.0 5.0 13.0 9.0 13.0 9.0 5.0 13.0 9.0 5.0 9.0 9.0 120
111 11.0 12.0 11.0 10.0 11.0 12.0 11.0 11.0 0.0 0.0 0.0 0.0 0.0 0.0
120 9.0 5.0 13.0 9.0 2.5 9.0 1,0 9.0 15.0 13.0 960 9,0 9,0 9,0
121 5.5 7.5 5.0 6.0 7.0 7.0 7,0 R.0 0,0 0.0 0.0 060 0.0 060
140 5.0 9.0 2.5 5.0 13.0 9.0 5.0 1.0 9.0 15.5 5.0 2.5 4.0 2.0
111 4.0 4.0 4.0 3.0 3.0 6.0 5.0 560 0.0 0.0 0.0 0.0 0.0 0.0
140 9.0 5.0 9.0 9.0 2.5 1.0 9.0 9.0 9.0 94 1.0 9.0 5.0 6.0
141 3.0 3.0 30 4.0 5.0 4.0 1,0 4.0 0,0 0.0 060 060 0.0 0.0
150 15.0 9.0 17.0 17.0 9.0 15.5 11.0 9.0 15.5 9.0 2.5 13.0 15.0 17.0
151 16.0 1700 17.0 15.0 16.0 15.0 15.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0
160 9.0 1.0 15.5 13.0 13.0 15.5 15.5 13.0 2.D 2.5 13.0 15.3 6.0 10.5
161 13.0 13.5 14.0 14.0 13.0 13.0 13.0 13.0 0.0 0.0 0.0 0.0 0.0 160
iro 5.0 5.0 5.0 9.0 5.0 2.5 5.0 9.0 1.0 9.0 9.0 5.0 3.0 3.0
171 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0
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0 COST ESTIMATE
t,r)

0
0 For the job listed on the Sample Input, the total running time was

o 28.459 seconds for central-processor time and 28.786 seconds for
0
0 peripheral-processor time with a memory usage of 51,600 words.

Chargeable computer time was $4.86.

Charge to user = computer time + postage and haildling + network

overhead

= $4.86 + $15.00 + network overhead

= $19.86 + network overhead

CONTENTS --PPRANK

pages

1 Identification 4 Abstract
3-6 User Instructions

T-11 I/0
13 Cost--Contents

4/70 13
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DESCRIPTIVE TITLE
tr)

0 CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0031

Rank-Order Statistics

RKSTAT NUCCO20

Vogelback Computing Center
Northwestern University

Vogelback Computing Center
Northwestern University

CDC FORTRAN

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

RKSTAT ranks as many as 100 subjects on as many as 80 variables
and calculates the following rank-order statistics that compare
the ranks assigned to two or more variables: WilcoxonMana
Whitney U, KruskalWallis H, Spearman rank correlation coefficient
RS, Kendall coefficient of concordance W. Sample values for these
statistics are printed out with directions for the testing of
their significance.

The statistical comparison tests in this category assume that the
raw data have only the strength of ordinal measurement. A raw-
data observation is assigned a rank that is given by one plus the
number of observations that are numerically smaller than it (if
IRANK = 0) or numerically larger than it (if IRANK = 1). In cal-
culating the statistics in these tests, the ranks are treated as
interval measurements without implying that the raw data have the
strength of an interval scale. These statistics universally assume
underlying continuity; therefore, the probability of a tie in the
raw data is zero. When a tie does occur, however, it is immedi-
ately assumed that the tie is an illusion produced by inaccurate
measurement and each tied observation is assigned the average of
the ranks available to the tied observations. For example, if a
single observatioh of 1.53 has been assigned the rank 9 and four
observations are tied at 1.54, each of the four tied observations

continued
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will be assigned the rank 11.5 and any single observation occur-
ring at 1.55 would get the rank 14.

WilcoxonMannWhitney U Statistic Test--compares two, independent
samples of equal or unequal size. The U test is more sensitive to
differences in location (central tendency) than to differences in
dispersion or skewness. The KolmogorovSmirnov D test is more
suitable than the U test if one wishes to test for cat kinds of
differences.

For fixed, small a, the power efficiency of the U test, as com-
pared with the t test, approaches 95.5% (i.e., 3/t X 100) as N
approaches infinity. This shows that the U test is very powerful
for large samples and even moderately sized samples.

KruskalNallis H Statistic Test--compares k independent samples of
equal or unequal length. Like the U test, the H test is primarily
a test of location.

For fixed small a, the H test, as compared with the F test, has an
asymptotic efficiency of 95.5% (i.e., 3/n X 100).

Spearman Rank Correlation Coefficient RS--gives the correlation
between two matched samples (of equal length N).

The Spearman RS has approximately 91% power efficiency when com-

I7)
pared with the Pearson r (i.e., when the matched data are, in fact, i
taken from a bivariate normal distribution, are measured on an -

interval scale, and are correlated in the population, then r will
detect this correlation at the significance level with 91 observa-
tions for every 100 observations that are required to detect this
correlation at this significance level by RS).

Kendall Coefficient of Concordance W--gives the correlation between
k matched samples of equal length N. Note: a significant W does
not imply that the rankings are objective or "right," but only "con-
sensual." I.e., each sample appears to have its observations ranked
on the same (possible erroneous) criteria.

The power of W is 91% as compared to the average of the pairwise
Pearson r correlations of the k samples.

Interested persons are directed to the source listed in the Refer-
ence for a fuller mathematical explanation of the various tests.

REFERENCE

Siegel, S., Nonparametric Statistics (McGrawHill Book Co., Inc.,
New York, 1956).

2 12/69
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USER INSTRUCTIONStr)

Description of Input Data

The word group signifies a number of subjects who are considered
homogeneous. Each of these subjects has a number of (NVARS) of
variables punched upon its set of cards. Frequently, a set is one
card only. A total of NGRPS groups are read in. Example: if
NVARS = 3 and NGRPS = 2, then 3 variables (age, weight, IQ) could
be entered for 63 men (group 1) and 37 women (group 2). A set
could consist of one card upon which is punched the subject's
identification (this will not be read by the computer), his age,
weight, and IQ.

A sample consists of the data on one variable for al/ the subjects
in one group. The program refers to the samples in such a way
that the variables of a group are numbered successively; i.e., in
the above example, sample 1 consists of the ages of the 63 male
subjects, sample 2 is the weights of the 63 male subjects, sample
3 is the IQ of the 63 male subjects, sample 4 is the ages of the
37 female subjects, etc Thus, a U test between samples 1 and 4
will compare the ranks assigned to the ages of male and female
subjects to see if the ages come from different populations. Sam-ples 1 and 4 may not be correlated with an RS coefficient in the
above example because the samples have a different number of sub-
jects (63 # 37). An RS between samples 1 and 3 would indicate if
the IQ of male subjects increases or decreases with age.

Problem Card

Columns Parameter Contents
I 6 *INPUT
7 8 NVARS Number of variables measured on each

group (l<NVARS<80)
9-10 NGRPS Number of groups (l<NGRPS<20)

11 NFMT Number of Varieble-Format Card(s) to
be read preceding each group
(l<NFMT<9)

12-14 MOBS (1) Number of subjects in group 1
(l<MOBSC1) <100)

15-17 MOBS (2) Number of subjects in group 2
(l<MOBSC2) <100)

13 MOBS (NGRPS)

12/69
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Note:
Samples 1 through NVARS will have MOBS (1) observation.
Samples NVARS +1 through 2*NVARS will have MOBS (2) observations.
Samples 2*NVARS +1 through 3*NVARS will have MOBS (3) observations.

Variable-Format Card(s)

Columns Parameter Contents

1 6 *FORMAT on each card used

7-72 FMT (I) Specify the format n the group that
follows

The same format frequently is used for all the groups, but a number
of Format Cards equal to NFMT must still be read preceding each
group.

Setup Card(s)

Columns Parameter Contents

1 6 *SETUP

7 Blank

8-13 IDENT Punch six alphanumeric characters to
identify the test about to be per-
formed

14 IRANK Controls the assignment of ranks; as-
signment order of ranks will be the
same for all variables as specified
by IRANK.
=1: the larger the sample value, the
lower the rank
#1: the smaller the sample value, the
lower the rank

15 NTYPE =1: specifies U or H test
=2: specifies an RS or W coefficient
ariything else is meaningless

16-17 NSMPLS <1: meaningless
=2: specifies U test or RS coeffi-
cient
=K: specifies a H or W coefficient
(2<K<30)
>30: meaningless

4
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tH Note: With NTYPE and NSMPLS both specified
only one test or coefficient can bec)

o calculated per Setup Card
c) 18-19 NUMSP (1) Sample number of 1st sample to bec)
c) used

20-21 NUMSP (2) Sample number of 2nd sample to be
used

NUMSP (NSMPLS) 12 Sample number of last sample to be
used

Note: l<NUMSP(I)<NVARS X NGRPS If an IDENT of all dollar signs
(i.e., a$$$$) isThpecified, a standard setup will be performed in
which NSMPLS is equal to NGRPS. Thus, and IDENT of all dollar
signs cannot be used if NGRPS = 1. In the standard setup, the
values of IRANK and NTYPE are read off the *Setup Card and every-
thing following Col. 15 will be ignored. The program then performs
NVARS calculation as if NVARS Setup Cards had been read. Example:
if NVARS = 4, NGRPS = 2, and NTYPE = 2, four Spearman rank correla-
tion coefficients will be calculated. The first will correlate
samples 1 and 5, the second -2 and 6, the third -3 and 7, and the
fourth -4 and 8. The above assumes that MOBS(1) = MOBS(2). Even
if MOBS(1) MOBS(2), NTYPE could be set equal to 1 and Mann
Whitney U tests would be performed between the four pairs of sam-
ples, one sample of each pair from each group.

Finish Card

Columns Parameter Contents

1 6 *FINIS

A Finish Card is inser4sidonly when you wish to start over (i.e.,
a Finish Card is followed by a new Problem Card).

Description of Output

Lines

1 The IDENT and IRANK, NTYPE, NSMPLS; latter two tell
which test will be used

2 Sample numbers to be used; the number of these will be
NSMPLS

3 Tells what test is being applied
4,5 Give calculated value of the statistic and value cor-

rected for ties

12/69
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6 Tells with how many degrees of freedom the statistic
approaches x2

7 Tells how many groups there are

For each trial, the samples are then ranked, giving the sample num-
ber, number of observations, sample rank, and, following this, the
observed values and their ranks within the trial. After these,
the number of tied observations are listed along with the number
of times that each tie is found in the trial.

Limitations

Maximum number of subjects 100
Maximum number of variables 80

2<NVARXNGRPS<80
Number of samples = k: T2<k<30)

1<NUM-gP(I)<NVARSXNGRPS

Job Deck Structure

Job Card
LIBRARY (RKSTAT)
LGO.

o
7-8-9 EOR
Problem Card (*INPUT) --

LH 0
NFMT Variable-Format Cards
MOBS(1) sets of Data Cards for tt's

Group 0 4
czu
0 cd
$.4 0

Setup Card(s)

Finish Card

6-7-8-9 EOI

(*SETUP); use as many as needed
to specify the calculations you
wish to perform
(*FINIS) ; omit if there is only
one problem

6
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SAMPLE OUTPUT

TRIAL !Or ifiticAliJ- holl[S THANK: 0 NTYPEm NSMPLSm 6

SAmPLI:. 1 12 23 14 45 5,

APPLY KROKAL4WALL1S OqFmNAY ANALYSIS OF VARIANC4

Hm 1.720120eF400

HP: 1.7435116KE400 LnH4PCTE0 FOR TIES

Ts CHT.50 OIST91BuTE0 1TH b OEGREES OF FPFEOOM

THFRF APE 6 GROUPS

SAMPLE NuNHFd 1 1-40. 11 oBSERVATIONS. THE cAMPLE HANK IS 217.50

cm5pKVAT1ON RAmK 04SERVATION RANK ORSERVATION RANK OBSEWVATION RANK

105000000E401 33.q 8.0000000E400 7.0 9.0000000E400 11.0 5.0000000E400 2.0

1.000000nV01 14,c 1.1000000F01 25.0 1.2000000E01 25,0 1.1000000E401 1990

1.1000900E401 19.0 1.2000000E01 25.0 i.7000000E401 36.5

SAMPLE. NiimliF9 56 HAS

ORSERVAITON
1.1000000E01
1.200()000P401

A'ORSEkVATIONS. THE SAMPLE RANK IS 122.50

RINK
)9.^
?b.')

CRSERVATION RANK cRSERVATION HANK OBSERVATION BANK

140000000E401 14.5 1.3000000E01 30.5 1.5000000E01 33.5

THFRF ARE 9 11E0 Ot4SEPV11ION5

CwSERVAIION !IFS OHSERVATION TIES ORSERVATION TIES OBSERVATION TIES

1.5000000E401 2 K.0000000F00 5 9.0000000E400 3 1.0000000E401 4

1,2000000F01 7 1.1000000E401 5 1.7000000E01 2 1,3000000E0) 4

7.00000u0K4U0 p

8

376
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Yothri)c-i! IRAok= n NTYPE: 1 NSMRLS: 6

NI THr SWPIE t,Ohq'tl'S A 16 i7.q. 12 40 AA

APPLY 1,WISKAL.41IM ANALYSIS OF VAPIANCE

CD
CD Hy ?...40325vE.wo
CD

HP: 2.494(1c66k,06 r'.+qECTED FCH TIES

IS Chi-Sq ..TTH 5 1'E6REES CF FPPEDCM

THFHF AFIF F 6140iIPS

SAMPLF WNHFW A 1-0.1 11 OHSFHVATIONS. 1HE SAMPLE HANK IS 1R5.50

nksEkvillinN

4.900000(4.01
5.0n00000.011
tonoo000.01

HANR CHSFFIVAlION RANK ORSERVATION RANK

1110. 40)000000E01 16.5 3.5000000E+01 10.0 2

9.100000UP601 31.0 4.1000000E41 13.0 5

264 5.1000000E.01 18.0 7.9000000E41 28.0

SAMPLF NUMHFH Ab HAS 5 CHSERVATIONS. THE SAMPLE RANK IS 100.50

nosFRVATII)N
9.300000nE.01
5.7n00000E.01

HAW

19.0

000 0031

OBSERVATION RANK ORSERVAT/ON RANK OBSERVATION RANK
2.4000000F.01 4.0 3.3000000E.01 7.5 1.3100000E+02 38.0

THFRE ARE 6 TIE0 ORSEDVATIONS

nuSFNVAIICN TIES CHSERVATICN TIES ORSERVATION TIES OBSERVATION T/ES

4.90000001.01 ? 3.50000FOl 3 7.7000000E41 2 9.5000000E01 3

3.1000000u.01 4.30000001-41 2

12/69
-4100....
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COST ESTIMATE
14)

0
° For the job listed on the Sample Input, the total running time was

° 4.252 seconds for central-processor time and 20.582 seconds for
0 peripheral-process time with a memory usage of 61,100 words.

Chargeable computer time was $1.19.

Charge to user = computer time + postage and handling + network
overhead

= $1.19 + $15.00 + network overhead

= $16.19 + network overhead

CONTENTS

pages
1,2
3-6
7-9

11

4/70

RKSTAT

Abstract & Identification
User Instructions
I/0
Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0032

Sequence Checking

SEQCHK NUCC078

Vogelback Computing Center,
Northwestern University

Betty Benson, Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road
Evanston, Ill. 60201
Tel.: (312) 492-3682

Inasmuch as the data for each of a number of subjects or cases in
an analysis may occupy several cards, it is clearly necessary that
these data cards be read in the same order for each case. SEQCHK
checks to see if a data deck (or a data tape) contains the correct
number of cards, in the correct order, for each case, up to a max-
imum of 9999 cases. An appropriate error message is printed when-
ever a card is found out of order or if any cards are missing.

6/69 1
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tr) US..ER INSTRUCTIONS

Description of Input Data

Control Card A

Columns

1 0 or blank if case number occurs before card number
on each data card
1 if card number occurs before case number on each
data card

2 0 or blank if input is from card
1 if input is from data tape

I 5 Number of cards/case (<100)

6-45 Format to read in case number and card number (I-type

specifications)

Example: Card number is in Cols. 1-2 and case number is in Cols.

76-80. User should punch, beginning in Col. 6, the following for-

mat: (12, 73X, 15)

Control Card(s) B (1-4 cards)

Each of cards B consists of 25 fields of 3 columns each. These
fields contain the list of card numbers to be expected, in the
order in which they are expected.

Consecutive data cards need not be sequentially numbered. User X,
e.g., may have cards 1, 2, 3, 4, 5, in that order. User Z might
have cards 80, 81, 3, 17, 4, 12, and 69, in that order. User Z
should punch his single card B as follows:

80 in Cols. 2-3; 81 in Cols. 5-6; 3 in Col. 9".; 69 in Cols. 20-21

Unless the data are on tape, the data deck follows card B.

Description of Output

A message will be printed whenever there is a missing card, an
extra card, cards out of order, or any combination of input that
does not exactly match what is expected. A count of the cards
read and the total number of cases checked will also be printed
out at the end.

6/69
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Job Deck Structure

Job Card
If data REQUEST (TAPE1, HI) HANG REEL xxxx
on tape

LIBRARY(SEQCHK)
LGO.
(7-8-9) (EOR card)

(Program control cards)
Control card A
Control card B
Data (if on cards)

(6-7-8-9) (EOI card)

Note: If data tape was written by a machine other than the CDC
6400, it would be necessary to substitute REQUEST (TAPE1,d,X)
UANG REEL xxxx, where d is the tape density.

0°
(,4 4 381t.)

6/69
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SAMPLE INPUT

tiFt4CHA

1.109Awy(sLor.wo
On.
00 '1(01.11)

3 4 A

1001
100?
1001
1004

100"
1011
101?
1014
1n1"
1021

in??
102i
102c
in?"
1031

103?
1034
1011
1034
103"
1041

6/69
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SAMPLE OUTPUT

t CR AAT (111.4 11)

5 CARUS O'm nHSFMVATIOM. CARDS TC
I P 3 4 h

eRs. 1n1...CARD 4 (CARD 3 WAS txPEcTFn)
CRS. 101...CARO 6 (cAR0 4 WAS KXPFcTFn)
us. Inl HAs 4 CARDS
ORS. 102...CARO 5 (CARD 4 wAS tXPEr1Fo)
CRS. 103...cARD $ (r4RD 4 wAS EXPEc4n)
ORS. 103..CAR1 (CARU 6 wAS EXPECTFn)
CRS. 103...cARD rxrkA CARD CR 111-FRAI CAPU NO,
ORS. 103 HAS h

ORS. 104...CARD S (cARD wAS tXPEcTFn)
CRS. 104...CARD b rxrWA CARD CR !USUAL CAPU N.
pas. 104 HAS h CAR0;
CRS. 105...CARn 4 (C400 3 wAS EXRFcfrn)
CRS. 105...CARD 3 (CAPO 4 wAS tXPEc1Fn)
ORS. 106...CARD 7 (c4RU h wAS tXPECTFD)
O. 10/...CARD 3 (cARD 2 wAS hxPE(,TFP)
ORS. 101...CARD 4 (rARD 3 WA!) ExPtc1F(1)

CRS. 107...CARD 5 (CARD 4 wAS tXPEclinl
CRS. 10H...CA4u J (cAND 2 WAS EXPEcTFn)
ORS. 10d...CARD e (CARO 3 wAS t.xPEcTFD)
ORS. 108...CARO 7 rorRA CARD CR 1LLFGAi CARO NC,
OBS. 108...CARD h rXTRA CARn CR 11-150AI CARU NC.
CRS. 108 HAS / CAkOS
ORS. 109...CARU S (cARO 6 WAS EXPEc1Fo)
ORS. 110 HAs P CARDS
ORS. 111...CAA0 3 (CAR() 1 0AS EAPFOrm
us. 111 HAS 1 CARDS
ORS. no...cAlm 4 (CARO 1 wAS EXPECTFol
OBS. 110...CARD 6 (CARD 2 wAS LXPECTFn)
ORS. 110 HAS 2 CARDS
OBS. 111 HAS 2 CARDS
OBS. 110...CARD J (CARD 1 WAS LxPECTFn)
ORS. 110 HAS 1 CARDS
ORS, 111...CA4D 4 (CARD 1 wAS EXPEcTFn)
OBS. 111...CARO A (CARD wAS EXPEOF0)
Ns. 111 HAS 2 CAMOS
ORS. 112...CARO 2 (CARD 1 wAS FAREc1Fo)
085. 112...CARO 3 (CARU 2 wAS LXPECTFn)
ORS. 112...CAHo 4 (CAMD 3 WAS EXPECTFO)
OBS. 112...CARD h (CARD wAS LXPFOin)
ORS. 112 HAS 4 CAWDS
ORS. 113...CARO 1 ritTRA CARD Ck 1LLFGAL CAPE) 140.
ORS. 113o.oCARO e rxTRA cA140 CR 1LLF(IAl CARL) NC.
ORSo 113...CARD 3 rxTR. cAUD CR IllyGAI CAPU NC.
ORS. 113...CAHD 4 vximA C4ml, CP 1LLF5A1 C400 NO.
ORS. 113...CARD h CWTHA c4d0 r.:14 TLLF(IAI CAW C.

08S. 113 MAS 10 C,k, s
ORS. 11A HAS 4

rAo:S !3,

kt NUMNFRED AS StinWN RFLOW

6 6/69
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COST ESTIMATE
00 For the job listed in the Sample Input, the total running time was

0.339 seconds for central-processor time and 15.823 seconds for
0
0 peripheral-processor time with a memory usage of 20,000 words.
0 Chargeable computer time was $1.00 (NU minimum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS SEQCHK

pages

1 Identification & Abstract
3-4 User Instructions
5-6 I/0

7 Cost--Contents
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CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT
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000 0033

Interrupt Time SeriesThree Tests of

Significance

TIMEX NUCC049

Vogelback Computing Center,
Northwestern University

Joyce Sween, Department of Sociology,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

TIMEX performs three statistical tests on data of the interrupted
time-series form: (1) the Mood test, (2) the WallwrLev covariance
tests, and (3) double extrapolation.

In addition to the T or F values of each statistical test of sig-
nificance, the following information may be obtained (options to
be indicated on card input).

Mood Test

Standard error for t test
Estimated y value for the first postchange point
Obtained y value for the first postchange point
Slope and intercept for the prechange points
Variance of the obtained prechange points from the regression
estimated values

Walkertev Tests

Test 1

Numerator and denominator sum of squares for F
Regression estimates (slope and intercept) for prechange values

4/70 1
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EDUCOM

Estimated y value at experimental change (i.e., midway between
last pre- and first post-change points), based upon prechange
regression estimates

Regression estimates for postcl,ange values
Estimated y value at experimental change, based upon postchange
regression estimates

Common within-groups regression estimates for the pre- and post-
change values
Estimated y value at experimental change, based upon each of the
above regression estimates

Test 2

Numerator and denominator sum of squares for F

Test 3

Numerator and denominator sum of squares for F
Regression estimates (slope and intercept) for the total series
Estimated y value at experimental change, based upon the above
regression estimates

Double-Extrapolation Technique for Mood Test

Standard error for T test
Regression estimates for pre- and post-change values
Variance of the obtained pre- and post-change points from the
values predicted on the basis of the above regression estimates

Estimated y value at experimental change based upon pre- and post-
change regression estimates

A data plot of the time series may also be obtained.

REFERENCES

Sween, J., and Campbell, D.T., "A Study of the Effect of Proximally
Autocorrelated Error on Tests of Significance for the Interrupted
Time Series Quasi-Experimental Design," Northwestern Univ. (Aug.
1965; unpublished).

Sween, J., and Campbell, D.T., "The Interrupted Time Series as
Quasi-Experiment: Through Tests of Significance," Northwestern
Univ. (Aug. 1965; unpublished).

0
0
0
0
0

2 12/69
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USER INSTRUCTIONS

Description of Input Data
0
0 Title Card

Columns Contents

1-80

Occasion Card

Columns

1 3

4 6
7 9

EDUCATIONAL INFORMATION NETWORK

000 0033

Identifying alphanumeric information (to appear as a
heading on the printout and on the data plot)

Contents

Total number of occasions (maximum:400) in the time
series. The number of occasions in the pre- and
post-change groups must be specified in Cols. 4-9.
(TIMEX assumes that the y or occasion values occur
at equal intervals in time.)

Number of occasions in the prechange group

Number of occasions in the postchange group

Test-Specification Card

Columns

1

12/69

2

3

4

5

Contents

= 1 if calculations of serial correlation coeffi-
cients are desired
= 0 (or blank) if not desired

= 1 if the Mood test is desired
= 0 (or blank) if not desired

= 1 if the Walkerlev covariance tests are desired
= 0 (or blank) if not desired

= 1 if the "double-extrapolation" technique for a
double Mood test is desired
= 0 (or blank) if not desired

= 1 if the information specified in the Functional
Abstract is to be printed out for each test of sig-
nificance specified above
= 0 (or blank) if you wish to have only thia T or F
values and the df for each test of significance
(The additional information is not printed out)

3
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Columns Contents
6 = 1 if a data plot of input data points is desired

= 2 if it is desired that terminal points for the
regression lines based on pre- and post-change values
and on the total series be indicated on the plot
= 0 (or blank) if the data plot is not desired

Variable-Format Card

Columns Contents

1-80 Format specification (to be started in Col. 1 and to
be completed in 80 columns) . The statement is en-
closed by parentheses. The word FORMAT is not used;
otherwise the format specification is as described
in the FORTRAN manual. Only F and X conversion is
allowed. This card precedes the first Data Card.

Data Cards

The Data Cards must follow the Variable-Format Card. The data
arrangement on each card must be that given by the format speci-
fications on the Variable-Format Card.

Description of Output (see also Additional Information)

TIMEX calculates autocorrelation coefficients for lags 1 through 4.
The autocorrelations are given also for the departures from the
regression line, based on the total series and from the separate
regression lines for the pre- and post-change values.

A data plot of the time series may also be obtained. Pre- and
post-change obServation values are indicated by separate plotting
characters. If desired initial and terminal points for regression
lines based on the pre- and post-change values and on the total
series are indicated on the plot.

Results of the statistical tests are given as indicated in the
Functional Abstract.

Error Indications

Errors in specification card will cause a printout to that effect.

Limitations

The total number of occasion values must not be greater than 400.
The data plot will not indicate more than 25 pre- and/or 25 post-
data points.

4
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tr) Additional Information
tr)

If a 2 is placed in Col. 6 of the Test-Specification Card, initial
and terminal points for the regression lines based on pre- and
post-change values and on the total series are indicated on the
data plot. The printing characters for the regression estimates
are as follows.

, prechange . postchange *total series

Because the plotting subroutine can print only one point at a
particular coordinate location, some data points will be missing
from the plot. The location of the missing data points usually
can be determined directly, as indicated in the following.

Missing Total Regression Estimates (*)

The intiaZ point for the total sericls regression line is located
at time tl. If there are more than 25 prechange points, the point
is located at time tL1 M 1-24. If the initial point for the total
regression line is not plotted, it is located at the first plotted
prechange occasion value (0).

The terminaZ point for the total series regression line is located
at time tN2. If there are more than 25 postchange points, the
point is located at time tN1.25. If the terminal point for the
total regression line is not plotted, it is located at the last
plotted postchange occasion value (X).

Missing Prechange Regression Estimates (,)

The initiaZ point for the prechange regression line is located at
tl. If there are more than 25 prechange points, the point is
located at time tN 1_24. If the initial prechange regression esti-
mate is not plotted and if the initial total regression estimate
is not plotted, the initial prechange regression estimate is lo-
cated at the first plotted occasion value (0). However, if the
inital total regression estimate is plotted, additional informa-
tion is needed to locate the missing point (it may be at * or 0):
namely, the location of the missing point must be determined from
the slope and intercept of the regression line.

The terminaZ point for the prechange regression line is located at
time tNi. If this point is missing, it is located at the last
prechange value (0).

i2/69
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Missing Postchange Regression Estimates (.)

The initial point for the postchange regression line is located at
time tNItl.

If the point is missing, it is located at the first

postchange occasion value (X).

The terminal point for the postchange regression line is located

at time tN2. If there are more than 25 postchange points, the
point is located at tNI425. If the terminal point for the post-
change regression line is not plotted and if the terminal point
for the total regression line is not plotted, the missing post-
change regression est sate is located at the last plotted occasion

value (X). However, if the total terminal regression estimate is

plotted, additional information is need to locate .the missing
point (it may be at X or *) : namely, the correct location for the
missing point must be determined from the slope and intercept of

the regression line.

Job Deck Structure

Job Card
LIBRARY(TIMEX,SETPLOT)
LGO.
EOR Card (7-8-9 multipunch in Col.

Title Card may be
Occasion Card

I
repeated

Test-Specification Card
I

for
Variable-Format Card additional
Data Cards problems

EOI Card (6-7-8-9 multipunch in Col. 1)

6
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EDUCATIONAL INFORMATION NETWORK

v) SAMPLE INPUT
v)

vulF04.010.$11111811111114CM34400. TIMEX
LIRRARy(TIMFA,SETRL01)

TLF FoR THE TIMEX SAMDEE DATA
1) 10

io)
Jo 52 43 53 A3 20 12 45 TA 56 A5 96 23 85 23 3!25 16 89

12/69 7
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CD

SAMPLE OUTPUT CD
CD

CD
TY TI y r iv A A rA CD

LA
PPF.r x.IF.14 I'M NT AI PCC J 1,1 C Lo

A.nn 4.1n 5.3U 5011 e.ne I.2n 4.0 7.q0 9.60
APF Pj 4r: PI S

14.5r 1.k0 P.ci0 (?.111 3.50 4,9n 2.90 1.60 8.90

SFPTA1 Cnrw;-1 ATTnh.

sLOPP Lmn TP1FIPT .-.,ni/F(7, (TOTAL PKGPFSSi(Vi FsTIMATF)
P(1)= ..13 P(?$: o(11= 11 14(4): -.2o

SLOP; sin oi=..!nyFo (SERAPATF PRF AND vnsT nFGPFSSMN EsTLMATES1
P(1)= -.16 P(2) = Pril= Oa 9(4)= e.'!2

SLOPE imn TKITFLOEPr JoT RFunVFn
P(1) = -01 P(?)= 1/1') R(3)= .11 1(0= -aq

WALKF;J.LFu 1F=TS
TFST 1 .3A DF=1. 16

NU M :zMFPAIR SS= 2,1 nr.N 129.6sOMINATO0 SS=

.

5.693
SFPAPArF Cilium kFilPFS5InN ocTTMATLS

w
SI

PRE-x (vo, moLigi TNTFRCEPT=
STTATIfl y vAL0F AT A= 444

PrIST-y APriOF sLour= -.3/7 T.I7F9cF07x 11.00
ESUMATFn Y VALOF AT Xs 7,10

COMNIFIN W/T41N ewoUPS qEGPFSSION FSTIMATFS
PPE..x ronuP SLOPF= -.e46 INTFRCEPT= 6.173

FSTTmATFD Y VALUE AT A= 3.79
PrISTX COMP SLOP1:= -.246 INTFRCEPT= 40(04

ESTTMATFousy=v1A,L01: AT xm 6,45

21192::::

TEST p
mdmFQAMQ SS=

F.: 1.24

F= 11.61:$4

.1ADF=lo,ETrINATOP SS=
TFcT 3
NUMFOATM) SS= A.7q nEWNINATOP SS=
COMPTNEO APOIIPS qEGPESS1ON FSTNAIE

TnTAL GN
St

RIP -.046 INTFACEPT5 5.A03
FTIMATED Y ALUF AT X= 5.12

OnhPi mOmD TFST T= 1.0A OF= 16
=TANDARU ERRnP= ?.S2
PPF-X WinOn 5LoPE= -.115 INTERCEPT= 5.693

VARTANCF: 40.1 ESTIMATEn VALUE
pnST-x GRMIP SLOPL= -,377 INTERCERTs 11.063

VAOTAmCE= H.36 ESTIMATEn VALUE Tx

12/69 8
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tr)

t-r) COST ESTIMATE
a
a

For the job listed on the Sample Input, the total running time
a
a was 0.606 seconds for central-processor time and 18.331 seconds
a for peripheral-processor time with a memory usage of 34,400 words.

Chargeable computer time was $1.00 (NU minimum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS TIMEX

pages
1,2 Identification & Abstract
3-6 User Instructions
7-9 I/0

11 Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT
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000 0034

Information Retrieval System for Creating,
Maintaining, Indexing, and Retrieving from
Files of Textual Information

TRIAL NUCC118

Vogelback Computing Center,
Northwestern University

Donald Dillaman
Lorraine Borman, Vogelback Computing Cen-
ter,_Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, BIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

TRIAL is an information-processing system that will perform editing,
indexing, and retrieval of textual and certain types of numeric
information. The system allows for the creation and maintenance
of a master file (EDIT), indexing on words designated as key words
or, alternatively, on every word in the text, excluding those
common terms that are user-supplied as a "stop" word list (INDEX),
and computer retrieval and printout of entries that satisfy a user
search command (SEARCH). The system is designed such that any one
or any combination of the above features can be achieved through
one computer run with proper control cards.

The system is sufficiently flexibe to handle diverse applications
in information retrieval. TRIAL has been successfully used at
Northwestern in such applications as a "Selective Dissemination of
Information" (SDI) system, which automatically notifies social
scientists of new journal articles that appear to fit their per-
sonal interests, and as a way to select students for overseas work,
by retrieving from personnel files those individuals whose back-
grounds satisfied the requirements of the project. The system is
especially adaptable to large masses of bibliographic data where
either selective bibliographies or various forms of indexes are
desired.
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TRIAL is actually a series of six programs--TRIAL, EDIT, SEARCH,

INDEX, SORTER, and PRINT--which, respectively, function as the

Executive (issuing calls to other programs as needed) , the Editor

(processing new input data and updating the old) , the Searcher

(finding instances of given key words), the Selector (retrieving
and indexing key words and their contexts) , the Sorter (sorting
the information file), and the Printer (controlling the numerous

output options).

The TRIAL file structure allows for a maximum of nine levels of
record definition within an entry; an entry is considered to be

all of the information for one unit of analysis. Individual appli-

cations may utilize from one to all nine designated levels of in-

formation. Any level may have new information added to it, or, if

the original design of the structure needs change, new levels may

be added to the existing file.

Any master file created by the EDIT program can be searched. The

important features of the SEARCH program are (1) its ability to

search textual material for specified words or combinations of

related key words and (2) its use of the Boolean operators, AND,

OR, and NOT,giving the user the ability to specify how these key

words must appear in combination with each other. If the user

does not retrieve relevant documents, he may rephrase his command
in much the same manner as does the user of a library card catalog.

Key-word indexing by computer is an automatic method for generating
alphabetized listings of key words contained in input material.
Input to the INDEX overlay of the TRIAL system is any file that has

been created by the EDIT program, either in the same or a previous

computer run. Two major options allow for completely general and

lucid indexing of key words.

REFERENCES

Janda, K., and Tetzlaff, W.H.:"TRIAL: A Computer Technique for
Retrieving Information from Abstracts of Literature,"
Behavioral Sci., 11 (Nov. 1966).

Janda, K., and Rader, G.,"Selective Dissemination of Information:
A Progress Report from Northwestern University," Amer.
Behavioral Sci., 10 (Jan. 1967).

Janda, K., Information Retrieval: AppZications to Political
Science (The Bobbs-Merrill Co., Inc., New York, 1968).

2

3'

continued

7/69



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0034

Tetzlaff, W.H., "TRIAL: Technique for Retrieving Information from
Abstracts of Literature--A Program for the IBM 709/90/94,"
paper presented at the SHARE XXVI meeting, App1. Management
Sci. Proj. Committe, 24 Feb.-4 Mar. 1966, San Diego, Calif.

TRIAL: An Information Retrieval System for Creating, Maintaining,
Indexing, and Retrieving from Files of Textual Information,
User's Manual, Northwestern Univ. Vogelback Computing Ctr.
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USER INSTRUCTIONStr)

Because of the flexibility and variety of options available in
the TRIAL system, it is recommended that those interested obt,.in
the complete user's manual (with all format details) as cited in
the reference below.

REFERENCES

TRIAL: An Information Retrieval System for Creating, Maintaining,
Indexing, and Retrieving from Files of Textual Information,
User's Manual, Northwestern Univ. Vogelback Computing Ctr.
(Oct. 1968; revised Dec. 1968).
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.1. SAMPLE INPUT
14)

CD
CD VLDRP. oCN6700002000,P4e. EnIT

ATTACH1TRIAL)

CD NCCCIAP.

CD TRIAL.

CD eEnIT
NFW MASTER110
*DATA
*INSERT.ENTRY=1, INCREMENT=1.
ACm
CnLLECTED ALUORITHMS FRnM CACM.*
ASSCCIATION FC.1 COMPUTING MACHINENY.1966,
CCMPUTING CENIER LIBRARY,

40
AFIPS
pRocHowis 196? sPmIN6 jCINT CCmPUTER C1INFFRENca.=
AFTRS, 1962,
CCMPOTING CEN1EN LIHRARY.

10
ALLEN U N DE G
RELAXATICN METHCDS.=
MC GRAw BILL. 1954.
coMPUTING CENTER LIPP i

SO
ASHBY R w
DESIGN ECR A RRAIN.*
JOHN WILEY AND SONS, INC. 1960.
COMPUTING CENTER LIBRARY.

33
BAUMANN P FELICIANO M RAIIFR F L
INTRODUCTION TO ALuCL,w
PRFNTICE HALL INC. 1964.
CCMPUTING CENTER LINRAWY.

42

EDUCATIONAL INFORMATION NETWORK

BCDKCC 011L0001
BCOKCC 012L0001
BCCKCC 013L0001
HCCKCC 023L0001

40001
BCCKCC 011L0002
BCOKCC 0121_0002

BOCKCC 0131.0002
BoCKCC 023L0002

41.0002
BCCKCC 011L0003
HDCKCC 012Ln003
BDCKCC olmon3
BCOKCC 0231.0003

4L0003
BDUCC 011L0004
BCOKCC 012L0004
BCCKCC 0131.0004
BCCKCC 0231_0004

4L0004
BCCKCC (Alums
BCOKCC 0121.0005
ycCKCC 0130005
BOCKCC 0230005
BCCKCC 0140005

'

RIoRDAN J BCOKCC

HnOKCC

ot1L0046
AN INTRCDUCTICN TC CCMBINATORIAL ANALYSI HCCKCCsew

ACCKCC

012L0046
WILEY AND SoNS INC.195A. 0131.0046

014L0046
COMPUTING CENTER LIHPARY,

SS BoOKCC
023L0046

INTRODUCTION TO FORIRAN PROGRAMMING.' Eii
011L0047RULE W P

BCCKCC

012L0047

BCCKCC

013L0047PRINDLE WE9FH AND SLmmInT INC,1966.

42
0231.0047COMPuTING CENTER LIBRARY.

BCCKCC

014L0047

DYSTAL mANUAL.a .

0110048SAKCUA J NI HoCKCC

RPnWN UNIVEPSITY, 1965. 0131.004B
0121.004B

COMPUTING CENTER LIBRARY.
BCCKCC

:CC;KBOCKCC

0231.004B
CCCC

SATTERLY G T JR
0141.004842

SPACING CF INTERCHANuES AND GRADE SEPARATIONS CN URBAN BCCKCC
011L0049

Bnucc
0120049

FPFEWAT5.w .

BCCKCC
0220049

D

013L0049

323 BCKCC
COMPUTING CENTER LIHwAPY. BCCKCC 023.0049

END
014L0049
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golmDEX
*WcRDS,T1TL,CARDS(21oSTAT1STICS,
TRAD1TIoNALLY,Two.AND,wosoLICITED,YOU,111JuNE*109,..g.,14,2,27,2720,3,30,31,4,
491509,
ESTARLISHMENT,EXCERPTS,rxTENDINGOMPRDYEnONTRC0UCING,JULY,MOVE,ONVIDUS,
CEEICES,OUTLINE,PHYIOUAWTERLT,9E,GRANTTHE,REPORTJCINT,SATISFYING,ScHEME,SING,
SP/RIT,STEADYISIATUS,
ERPORtSERIAL,UEScRIPTICNOENE9ALIZED,SPECIAL,CASEITIMF,PUBLICoADYANCEDOE141009
FOORTHOASES,INTRNUcTIIN,WRITING,SECCN0oNATIONALIPAHTS,IDENTIFICATION,
COMPUTATIONALgAT,PAPER,ACCCMPANY,STYLEWSE,VIAgNYOCRTENTEDORORLEMS,FUTURE,
TC0L,EFFECTS,SUHJECI,HUmAN,SOCIAL,NEWoRRflYI0ING,PATTERN,HANDBOOK,PERCERTIONSI
ITSIJOSICR,SIGNIFICANCE,01FFERENcESOCWARO,LIFE,JOINT,COMPOSITION,ALTERNATE,
SUPPDRT,WCW0,A55CCIATE0,SCLUTICN,AS,COMPUTER,SELECTED,BASED,PARTISHCPIDIRECT,
FALL,PRELIMINARY,PAPERS,STATL,ENVIROWNTIUSEDIMANUAL,FUN0AMENTALSgS/MPLE,
SEPTEMkER,CumULATIVEIPAmE0SUHVEY,IMPACT,HFLATICNOCDFRm ,DIA0NCSISITERMSIA10,
ISSUF,SERVICLS,5EvENPLACEICATALCGomEASUPES,SUPPLEMENTICUTRUT,MATERIALSIFACT,
CCHRSEeCCmM1TTEEoPROJECTSILCW..COSigPAWTIAL,ATTITUDESowtCHANICAL,ANNOTATED,
REPRCDUCIBLE,EXPERImENTcoREPOHT,FROMWSINDOIERSUSOECREASF,FLOWIFLEXIBLEIYOURo
LIwITEO,HETHOOOL:6YgOECISIONgSCALF"ACCRAgEFFECTOLYELnRMENTIOIMANIZATION,
EXAMPLF,FEATUREgASSCCIATICNoARRL1E0ow1IHIRRnCE0OkES,HANDLINGoANALYSISIDOCUMENTI
OCTCHEPoSTUDY,HETWELN,01401NAWY,WESEANCHEPS,CAPACITY,APOUmENTIINIPLUSINOTES,
0ENERALOU4S,C0N1PCLLEO,AREAgAPRYL,(WIDEIPERSONALILEASTOUESTIONSIRELATEDNESS,
RASISOIER51014,MANCHocukg,FNT,EIWSTORINCIPLES,MANAbINUOCTALIINTERACTION,RASTC,
USERILARGEORCHLEmotlouPEORCCESSIN6gRESULTSIINDEX,DILIFSToSCHOOL,FIELOSI
CAPAHILITY,THEIH,RE6FA4CHoCCNhIDERAT1CNS,Cf,NSTRUCTION,INTCILONO,ELEMENTARY,
COKIFFRENCE,CF,ROTENTIALOICLUME,STER,FINALoNEEDS,III,HOW,AUTCMATICgINFERENCEI
PRnJECTITECHNNUE,PAWTY,INDIVIDUAL,LEARN/NA,THESISoDEVICEgrECHNIOUESIGETI
UTTLIZINWA1A,FCR,LAHCRATCRY,OPFRATIONS,HEURIST1C,SCCIETY,THIMKINGIREPORTS,KEY,
METHOD,JUNEg1LLUSTWATENRULLETIN,LCCK,ORnEWECHNICAL,OTHEWISTARES,WORKING,
EXcERPTSIISOULTIPLLoSTANOARDO/ALUESoREALoPERFORMANCE,CEPTAINICCNTEXT,
LITEPATUREenENEWATION,HFFEWENCE,RUMMAPY,pHPASEgEACTSIASPECTSITEST,NCIII,
COLLECTED,C,IMMENT,A0VANCESICCNTRnoRIEE,TREATMENTICCOUTINGIFINDING,
PURLICATIONS,ACWIWED,PREPARATIONgAR1SINGIVOLoCOMPARATIVEIPREPAREDIDIRECTED,
ELEMENTSgRASTOEISEkIES,ANALYTICALgEAAMPLESOURPCSE,RmoVARIABLESIANDISTUDIES,
STRA1E6YoPHASF.00CUMENTSoTHRCUGH,w1THIN,SOLYINGICOMPUTERS,ROLESIPRoCENTERo
1NSTRUrTCROCCLSoE0ITICNOECENRER,EXPERIMENTALILIBRARYoUP,SPECIFICATIONIRY,
STRUCTUREoPRIMER,STROCTUREDICHARAcTEH,RAPID,STRUCTURESIEXPERIMENT,BUSINESS,
SELECTICNOCRICSoLESSIMETHODSOETERM1NEoLIST1NGICONCEPTSISELECTIYEIAMEDIONg
PRIGRESSORCYIN0oCALCULATIONSORESENT,POSITIVE,IVISMALLIPECOGNITIONIANALYSES,
ROLEICtIMPARISCNIAPPROACH,REQUIREMENTS,SHAREg4TH,THIRD.USERS,INTRODUCTORYI
HIAHER,COMMUNICATION,CONVENTIONAL,CORRELATTON,THWEEIBASE,COLLEGE,INTERPRETATIONg
APPLICATION,INFORMATION,MAKINGIFIGURLSOPOUP,INSTALLIO,CRSERVATIONSICAMPUSI
INVESTIGATIoNIGNADE.CRFRATIONOWMUCTION,K/NDIRESUMEgANITESTS,TOoMACHINES,THE'
PERMUTED,FOUNUATIONSAMOHASIFJ,TRAIN/NA,AUTtIMATE0oINVESTIGATIONSIREVIEWISTERS,
SOME,EASY,
AgE1gCgDoEoFoGgHg1,JoW,LIMINICIP,0016,10,VIWIX,YoZo
KwOCITITL,CARDS(011,2,1,4) ,
END
PPINT
REFERENCE COUE, CARLIS(112,3).
END
SEARCH
TEST SEARCH, 2o ( COMPIITER 2 100. /5
*END
SEARCH
TEST 2, 31

WILEY ONO. 1960 2 MO
)5
END
SEARCH
TEST SEARCH LO9R2, 2, (

AMTR/CAN*POLITICAL*SCIENCE*REVIEW oDRo PCL/TICAL * 100, 15

END

8
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.see

cnNTROL CARD NOW REM PROCESSEC...

*INDEX

THIS IS THE INDEX PHASE OF THE THIAL SYSTEM

TOE MARTEN FILE IS ON UNIT

THE UNSORTED INDEX IS ON WNIT

rONTPOL c*Fin NOW BEING PROCESSEn

*wOROSIITITLICAROSIVIISTATISTYCS.

THERE ARE 415 WORDS IN THE TABLE

CONTROL CARD NOW BEINO PROCESSED

AKWOWITOC1RD5(0,1,20,4).

THERE ARE 655 RECORCS ON THE TAPE Tn HE cnkTE0

2
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THE FOLLowiNo IS A LIST OF THE FREMIENCY nF Wm:mg necuRTNo IN THE ENTRIES uSTNG LTST TIM
'tzt

1

mATIoNALCD 0
CD PROJECTS 0

PURLIC 0
CD MATERIALS 0
CD ERROR 0
CD SIMPLE 0

ADVANCES 0

SERIAL 0

GENERALIZEC 0

ARECTRL 0

sTATUS 0

0

117FAL
0

1

oRAOF
pROVTNA
AS
RESUME
OUTLINE.
TESTS
THIRO
MACHTNES
PERMUTED
REPORT-JOINT
EMPHASIS
TRAINING
oR
AUTOMATED
REVIFW
STEPS
EASY

1

0

0

INDFx EXECUTED FOR 2.210 RFt0NOS CENTRAL PROCESSOR TTHF.

CONTROL CARD Now PEING PROCESSEC...

PRINT

ENTER SnR1

soRTEC TAPE

SORT EXECUTED FOR 5.986 sr.CONDS CENTRAL PROCESSOR TImr.

FNTFR PRINT
REFERENCE COOE. CARDS(1,20).

000 0034
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PRINT EXECUTEC FOR 3.17A SECONUS CENTRAL PRocERSoo TIME.

CONTROL CARn NOw REING PROCESSEC...

'SEARCH

ENTER THF SEARCH PHASE OF THE TRIAL SySTLm

TEST SEARCH, 2, ( COmpuTtR = 10(1, )%

TEST SFARCH

RFFERFNeF rnnE ROORCC L0002
SER/Al NuuRFR
DATE nF AnnITIOA TO FILE 03/25/6R
DATE OF RFARCH 03/25/6R

AFIPS

PROCEEDINGS 1962 SPRING JOINT :OHRIITER CnNFERFNCF.

AFIRS, 1962.
COMPUTING CENTER LIBRARY.

10

THE FCLLOWINU woRnS WERE FmuNO IN THE FNTRY

wnRnS FREnuFNCY

COMPUTER 1

000 0034

continued
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TEST sEAPC1.

REFERENCE cnoF ROOKCC L0012
SERIAL NuHRER 1?
OATE oF AnnITION TO FILE 03/25/6g
DATE OF SEARCH 03/25/6g

CORBATO F J PODuSWA j w SALT7ER j H

ADVANCED COMPUTER PROGRAMMINA..

MIT PRESS,19f3.
COMPUTING CENTER LIRRARY.

4

TEST SFADC1.

THE FeLLOWINti wORDS ',FRE FOUND IN THE ENTRY

WORDS FREnuFNCY

COMPUTER 1

REFERENCE CODE FlooKcC L0024
SERIAL NUMRFR P4

DATE nF AnDTTTOA TO FILE 03/25/64
',ATE MF SEAPCN 03/25/A4

MILSENNAN J

CMNITAB A COmPUTER PROGRAM FnR STATISTICAL AND NuMFRICAL
ANALYSIS..

COMPUTING CENTER LIRRARY.

422

THE FCLLOWIN4 WORDS wFRE FnUNO IN THE ENTRY

WORDS FREoUENCY

COMPUTER 1

14

t 106

continued
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TEST SFARCP

N1
CD REFERFNCE CODE ROOwcc 1.0013
CD SERIAL NUMBER 13

DATE OF AODITION TO FILE 03125/69
CD DATE OF SEARCH 03125/69
CD

COULSON J E

PROGRAMMED LEARNING AND COMPOTER RASED INSTROCTION,=

SYSTEM DEVELOPMENT CORPORATION.1942.
COMPUTING CENTER LIBRARY.

332

THIS BOOK IS A REPORT OF THE PROCEEDINGS OF THE CONFERENCE

ON APPLICATION OF DIGITAL COMPUTERS TO AlammATEn
INSTRUCTION. THE PAPERS ARP HASED ON RESEARCH AVAILAHLF AT

THAT TIME. THE TWELVE PAPERS IN PART I. THrnRY blo
EXPERIMENTATION /N PROGRAMMED LEARNING. wERE TO PROVIDE 4

FOUNDATION OF EMPIRICAL DATA AND THEORETICAL STRUCTURE
CONCERNING AUTOMATED TEACHING AND RPOGRAmPrO LFARNING.

SOME OF THE PAPERS Am LITTLE rn THE FIELD, SomF REPORT nN
INSIGNIFICANT MOUS, WHILE OTHERS MAKE A OEFINTTF
:ONTRIBUTION BY REPORTING ON SIGNIF/CANT RFSEARrH, PART t/

PART III' COMPUTER TFCHNOLoGY IN AUTOMATED TFACHTNO,

CONTAINS TOREE PAPERS.

THE ECLLOWINO worms wERE Mom IN THE ENTRY

%ems FREOUENCY

COMPUTER 1

4 PIT OUT OF 47 SEARCHED,

SEARCH EXECUTED POR .698 SECONDS CENTRAL PROCESSOR TTME.

7/69 15
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EDUCOM

CD

CONTROL CARD NOW BEING PROCESSED...
CD
CD

*SEARCH

ENTER THF SEARCH PHASE OF THE TRIAL SYSTEM

TEST 2, 3.

WILEY ANO. 1960 1001

I S

TEST 2

REFERENCE cor BOOKCC 10004

SERIAL NUMBER 4

OATE OP AODITIOA TO FILE 03/25/69
OATE nF SEARCH 03/25/644

ASHBY R W

DESIGN FOR A BRAIN.*

JOHN WILEY AAD SONS, /NC. 19A0.
COMPUTING CENTER LIBRARY,

33

THE FCLLOWING WORDS WERE FAUNU IN 'NE 4TRY

WORDS FRPOUENCY

WILEY
1960

I PIT OUT OF 47 SEARCHED.

SEARCH EXECUTED FOR .766 SLCONDS CEMTwAL PR0cF5R(IR yymF,

CD
CD
CD

CDo
ca4

4=b 16

108
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l`r) CONTROL CARO NOW REING PROCESSECI.,
C)
C) SEARCH

FNTER THF SEARCH PHASE OF THE TRIAL SYRIFM

TFST SEARCH LORR2o 2$ 4

AMERICAN*ROLITICALASCIFNCFAREVIEW .014. WILITICAL s IAA,

TEST SEW," LORR2

REFERFNCF CnOF RN:MCC L0026
SERIAL NUN4RFR PA
DATE MF AnnITIon TO FILE 03/25/64
DATE nF SEARCH 03/25/64

4ANDA K

CUMULATIVE INDEX TO THE AMERMAN POLITICAL SCIENCE RFVIEw 2

NORTHWESTERN UNIVFRSITY PRFSS,1964.
COMPUTING CENTER LIMRART.

335

THF ECLLOWTNCI wORDS WERE FMN0 TN THE ENTRY

wnpns FonuENCY

AMERICAN
POLITICAL
SCIENCE
REVIE* 1

I MIT OUT OF 167 SFARCHFO.

50RrH EXECDTED FOR

7/69

dissf, sLcoNns CENTWAL PwoussnR Trto.

17.
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COST ESTIMATE
te)

For the job listed on the Sample Input, the total running time was
a 14.812 seconds for central-processor time mid 52.074 seconds foe

o
0 peripheral-processor time with a memory usage of:67,000 words.

Chargeable computer time was $3.58.

Charge to user = computer time + postage and h ling + network

overhead

= $3.58 + $15.00 + network overhead

= $18.58 + network overhead

EDUCATIONAL INFORMATION NETWORK

000 0034

CONTENTS TRIAL

pages

1-3 Identification & Abstract
5 User Instructions

7-17 I/0
19 CostContents

4/70 19
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DESCRIPTIVE TITLE Test Scorer and Statistical Analysis

CD CALLING NAME TSSA NUC(1072

a
c) INSTALLATION NAME Vogelback Computing Center
CD Northwestern University

AUTHOR(S) AND
AFFILIATION(S) Richard Wolf and Leopold Klopfer

The University of Chicago

K. Jones
Harvard University Graduate School of
Education

A. Gasche, B. Wright, and C. Bradford
The University of Chicago

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT Lorraine Borman, EIN Technical Representa-
tive, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

TSSA scores multiple-response tests that have a single correct
response for each item, computes test and item statistics, com-
putes the tetrachoric interitem correlation matrix, and performs
a factor analysis and varimax rotation. The point-biserial cor-
relation of each item with a criterion score also may be obtained.
The number of alternative responses may vary from item to item.

Multiple-scoring keys may be used with the same set of data cards.
This feature makes TSSA applicable for scoring and analysis of
the Kuder preference record and similarly constructed mmltikeyed
instruments. In addition, multiple jobs may be run.

Computational results include the following.

Individual Scores, including raw scores and scores corrected for
guessing

12/69

continued.
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Item-Response Information, including the proportion of subjects
selecting the correct response for each item (i.e., difficulty)
and the proportion of subjects selecting each response

Test Statistics,' including the mean, standard deviation, skewness,
and kurtosis (and their standard errors computed from formulas
outlined by Fisher); test reliability (computed by Kuder Richardson
formula 20); a validity coefficient; and a Pearson product.moment
correlation

Item-Analysis Information,2" including the proportion of subjects
passing an item, the item standard deviation, point-biserial cor-
relations, reliability index, and validity index (computed from
formulas given by Guilford and Gullicksen)

Tetrachoric Interitem Correlations"

Factor Analysis of Interitem Correlation Matrix,' with varimax
rotation and plot

Multiple-Scoring Keys

A special feature of TSSA is the use of Multiple-Scoring Keys.
Such a feature has two uses. (1) It allows a single set of re-
sponses to be scored in more than one way; practical application
of this is the use of the program with data from an instrument
such as the Kuder preference record where several scores, based
on analyses of the same set of items, are desired. (2) A more
common situation is the use of the program to obtain subtest
scores and a total test score from one instrument. An application
of this might be to score all the responses on a reading test and
to obtain scores for reading speed, reading vocabulary, and level
of comprehension, as well as a total reading score.

Multiple Jobs

The limitation of the procedures in the analyses of subtests is
that only the raw scores for each individual or each subject will
be meaningful. Corrected score will not have any meaning. Thus,
if an analysis excludes any items initially read, no corrected
score will be printed. The reason for this is that the program
treats all items excluded from analysis as incorrect responses.
Thus, the use of a formula for correcting scores for guessing is
fallacious in this instance. If the user desires meaningful
corrected scores for subtests, he will have to reproduce his Data
Cards and run multiple jobs, selecting for reading on any one job
only those items for which analysis is desired, i.e., the subtest.

2

112
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The use of the Multiple-Jobs feature for scoring subtests yields
M meaningful corrected scores, as already mentioned. However, the00 advantage of the Multiple-Scoring-Key feature of the program is

0 that the data need be read from cards only once. Subsequent
0 reading of the data is done from binary tape (tape B3), thus0 achieving savings of time and, hence, cost.

The Multiple-Jobs feature may also be used for scoring and ana-
lyzing severly entirely different tests, with only a single load-
ing of the program.

REFERENCES

1. Fisher, R.A., Statistical Methods for Research Workers (Oliver
& Boyd, Edinburgh, 1954), 12th ed., pp. 70-75.

2. Guilford, J.P., Psychomevric Methods (McGrawHill Book co.,
Inc., New York, 1954), pp. 373-464.

3. Gullicksen, H., Theory of Mental Tests (John Wiley & Sons,
Inc., New York, 1950), pp. 363-396.

4. Farrell, R.H., and Stern, G.G., "A Measure of Tetrachoric
Association," presented at APA convention, Sept. 1951, Chicago
(unpublished; a copy of this paper may be obtained by writing
The University of Chicago Computing Center).

5. Wright, B.D., "120X120 Principle Components Analysis: Sym-
metric (with Varimax Rotation and Plot) ," Univ. Chicago Soc.
Sci. Div. Computer Library (1963; unpublished).
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PI USER INSTRUCTIONS

c, Description of Input Data

2)) Control Card
0

Parameter Columns

1 3

4

NFM 5

NKEY 6 7

Variable-Format Card(s)

000 0035

Contents

Number of items to be scored (<120)

Number of alternative responses in each
item (from 2 to 8). If this number varies
from item to item, punch a 9 and prepare
an Alternatives Card

Number of Variable-Format Cards (up to 9)

Number of scoring keys to be used with a
single set of Response Cards (up to 99)

Parameter Columns Contents

FMT 1-72 Format governing the read format for the
Key Card, Alternatives Card (if needed),
Individual-Response Cards, and Finish Card

Note: Identification must come in Cols. 1-6 of the first card
for an individual. Format for this is A6. Criterion score, if
used, must come next, before any item response and must be in F
format. Items may come in any arrangement on any number of cards.
Up to 9 format cards may be used.

Name and Options Card

Parameter Columns

AME 1-24

MMM 25

MLM 26

12/69

Contents

Name of test and/or group tested

Punched-output options
0: no punched output
1: punchout of scores and l's and O's
for pass or not pass for each individual
2: punchout of scores and original re-
sponses to items for each individual
3: both options 1 and 2, above

Tetrachoric interitem correlations and
factor-analysis option
0: no
1: yes

114
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KIV 27 Option for adjusting negative and cor-
rected scores to zero
0: no
1: yes

ICRIT 28 Criterion score used. There is a builtin
check for missing data; only complete data
are used
0: no
1: yes

ICRS 29 Point-biserial corr...31ation of items option
0: with raw scores
1: with corrected scores

IVAL 30 Correlation of criterion scores with
0: raw scores
1: corrected scores
(validity-coefficient option)

NF 31,32 Number of factors to be extracted (up to
10). Set at 5 if omitted; if NF>10, NF
is set at 10

Key Card

Parameter Columns Contents

DKEY 1 6 Leave blank or punch KEY

Y (I) (variable) Correct response for each item. (For use
of multiple keys, see below)

Alternatives Card

Parameter Columns Contents

ALK 1 6 Leave blank or punch ALTS

ALT (I) (variable) Number of alternatives for each item
(from 2 to 8)

Note: The Alternatives Card, if needed, is laid out exactly like
the Key Card of an Individual-Response Card, except that it con-
tains the number of alternatives to each item rather that the re-
sponses themselves.

Individual-Response Card(s) (Same number of cards must be present
for each individual and in the same order; Variable-Format Card
specifies which columns will be read)

6

115
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IPParameter Columns Contentsin
tn0 DENT 1 6 Subject identification (numeric or alpha-
° betic)
o0 CRIT (variable) Criterion score (if used)
c:.

X (I) (variable) Response for each item

Finish Card [specified by Variable-Format Card(s)]

Parameter Columns Contents

DENT 1 6 FINISH (signal that all data have been
read from Response Cards)

7-72 Blank

Note: Key Cards, Alternatives Cards, and Finish Cards always con-
sist physically of the same number of cards and this number is
identical to the number of cards for each Individual Response.

Multiple-Scoring Keys

To use Multiple-Scoring Keys with TSSA, several procedures must
be followed. First, the responses to all the items must be read
in at the initial reading of the data. Second, several scoring
keys must be punched. If the first score sought is a total score,
a Key Card with the correct answers to aZZ items must be inserted
in its specified place (see Key Card). If a subtest score is
desired, a second Name and Options Card and a second Key Card must
be included after the Finish Card(s) following the individual Data
Cards. If a second subtest score is desired, another Name and
Options Card and another Key Card must follow, etc. Therefore,
for example, a test for which the total test and several subtests
are to be scored and analyzed will include a Name and Options Card
and Key Cards following the Finish Card(s) [with the Name and
Options Card preceding the Key Card(s) in each set]. The number
of scoring keys to be used is specified by the user in the Control
Card (see Control Card).

As noted above, the responses to all the items must be read ini-
tially. To obtain subtest scores, the columns.of a Key Card for
those items that are to be excluded from a particular analysis
must be left bZank. Thus, if a test consists of 100 items and
the first 50 are to be analyzed as a subtest, the columns on the
Subtest Key Card corresponding to the first 50 items on the test
will contain the correct responses whereas the columns on the
subtest Key Card corre3ponding to the remaining 50 items will all
be left blank. In the same manner, any item may be excluded from
a particular analysis by leaving blank the column corresponding
to that item in a Key Card.

12/69

116

continued Ln
tn

0



EDUCATIONAL INFORMATION NETWORK

000 0035

EDUCOM

Description of Output a
Standard Printed Output

Individual Scores. For each individual: raw score; score cor-
rected for guessing, number of item committed.

Item-Response Information. For each item: difficulty, proportion
of subjects selecting each response, proportion of omits. Ex-
tremely easy (p>0.95) and extremely difficult (p<0.05) items are
identified.

Test Statistics. For raw and corrected scores: test mean, stan-
dard deviation, skewness, kurtosis, standard error of each, and
test of normality of the distribution. Test reliability by
KuderRichardson formula 20. Validity coefficientPearson cor-
relation between total test score and a criterion score (if a
criterion score is used).

Item-Analysis Information. For each item: proportion passing,
standard deviation, point-biserial correlation with criterion
score (if present), reliability index, validity index (if there
is a criterion score).

Optional Output

Tetrachoric Interitem Correlations

Factor Analysis of the Interitem CorreZation Matrix

Obtains the largest principal components of the symmetric inter-
item correlation matrix and performs an orthogonal rotation of
these components to the varimax criterion. The largest charac-
teristic roots are presented in order of magnitude and the asso-
ciated characteristic vectors are tabled and plotted.

Optional Punched Output

Score Cards for Each Individual

Contain subject identification, raw score, corrected score, num-
ber of items omitted, and either pass or fail for each item, or
original response for each item, or both.

Limitations

Maximum number of scoring keys used 99
Maximum number of Variable-Format Cards 9
Maximum number of items 120
Maximum number of alternative responses for
each item 8

Maximum number of factors to be extracted 10
Maximum number of individuals per job 99,999,999

8
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'4
01 Job Deck Structure
0 (/0

Job Card
0 LIBRARY (TSSA)

LGO.
7-8-9 (EOR Card)
Control Card
Variable-Format Card(s)
Name and Options Card
Key Card(s)
Alternatives Card(s) (if called for by

Control Card)
Data Deck--Individual-Response Cards
Finish Card(s) (must follow last Data Card)

6-7-8-9 (E0I Card)

12/69 9
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repeated for
multiple jobs
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SAMPLE INPUT
0

VLORQ,CH CM61200. TSSA
LIRRi.RY(TSSA)

CD
CD 06%4
CD (A6,4x.65F1.0)

RUSSIAN PRE-TEST 1964
KEN, 33423332212412431123142141433224324322124134443224432442113312111
CLARK 33423 3 212717431123412141122224 33143241131432244321 2 3

BAC1ANS 4242233221241,414124412412333314144221 42421344323443413333432
SHEARIN 334212322122324341224124 1323244333213324413143224432122134312431
RLUJ 33423332212432431221112131433244143314222133423223332132113312331
KOWALCZYK 43421334213237434122414131323214114313444113123234432132124341314
BULAK 11443432211137142 4311241143221414411
GEORGE 13421 31212317134122412131131 2 32242241332432 44321421313 2111
BARIJ 33423332213417434123112341433214344124424233443224432432113312111
SHABAN 33423332212412434121112141433234324312424133423321432442113312111
MISIUNAS 33421133212337434123242131133214224134124234443324232142133312111
I9ANCEVICH32421 342134 74311134121313332243 4313122333443214.32412
REMO 4442144421432441112234333412122423124441234314122123321241
SKAPARS 334233321124474341222124423334244133221224332222144
REIDY 33221133113332134122411441243324341444132132223223342222213424424
HURZAK 33423322213417431121112141433214324324124433413224432444113312111
COCHRANE 44213 2333471332243134233 2 444 13
FOREST 13421432231337414122342142321314144114424313123224432312343442121
TRFSNAK 22 421432212317134132312141323223134143324113443224434,42123312234
SHAFER 2322112321334,33112111323314313 413144421233,143221334224131447421
JAcURA 13423332212412434121112321433244314314124223443324432122113312111
FINISH

12/69 11

119

000 0035



EDUCATIONAL INFORMATION NETWORK

000 0035

SAMPLE OUTPUT

SuBJECT IDENTIFICATION

INDIVIDUAL sCORES

RAW SCORE CORRECTED SCORE OMITS

CLARK 38 33 13

BACIAN 31 21 4

SHEAR! 36 27 1

BLUJ 45 36 0

KOWALC 31 20 o

BULAK 17 11 29
GEORGE 37 30 7

BABIJ 53 49 n

SHAW 55 82 0

MISIuN 46 40 0

!VANCE 37 32 12
REPKA 18 S 7

sKAPAR 31 24 14
REIDY 25 12 0

0mUSZAK 54 52
COCmRA 9 2 34

FOREST 30 18 o

TRESNA 37 2R o
SHAFER 22 8 n

JACURA 49 44 0

tri 12

120
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N)
a
a

TTFM

NurinER OIFFICULTY OMIT 1

ITEM INFMRMATI0N

PROPORTI0N nF 20 SORJECTS SELECTINn LAril RFSPONSE

3 4 7

00
0

1

2
3

.500

.750

.400

.050
0.000
0.000

.200
0.000
noon

.100

.150

.tnn

.500
051

0.000

.150

.100

.900
4 .950 0.000 0.000 osn 0,000 .nsn

5 .400 0.000 .550 nsn ..on non()
6 .450 .150 .150 .050 .45ft .200

7 .800 .050 0.000 .100 .R00 .050
9 .550 .100 .050 .bsn osn osn
9 .900 0.000 .100 000 04800 0.000

51 .650 .100 0.000 .tnn osn OM
52 .800 .130 0.000 0.000 000 .050
53 .650 .150 0.000 .650 .osn .150
54 .200 .150 .400 .200 .050 .200
55 .250 .200 .150 .200 .200 .250
56 .700 .150 0.000 .700 .050 .100
57 .550 .250 .550 aso .ton .050
58 .350 .250 .330 .100 .250 .050
59 .500 .250 .100 0.000 .500 .150
60 .550 .300 0.000 0.000 .550 .150
61 .400 350 .400 .100 0.000 .130
62 .850 350 .030 .550 0.000 .030
63 .350 .350 .350 .050 .100 .130
64 .350 .150 .330 .150 .150 0.000
63 MO .350 .300 0.000 0.000 .150

12/69 13
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VARIABLF MEAN

THE FOLLOWING TTI.MS SHOULD FIE FLTMTNATFn FPOM THE TEST

tircAusE OF EXTREME'EASINFSS 09 DIFFICULTY

S.E.

EAsY ITEMS DIFFICULT ITFMS

44

TEST STATISTICS

ST. DEV. SKFWNFSS S.F. KURTOSIS S.F.

RAW SCORE 35.10 2.90 12.97 1.76 ,16 .51 .9q

CORRECTED SCORE 27.17 3.45 15.41 1.75 .06 .51 ..96 .9q

SKEWNESS AND KURTOSIS SIGNIFICANT AT .05 LEVEL

TEST RELIABILITY m 4935
KUDER HICHAROSON FORMULA 20

No. OF SUR.ACTS

20

20

continued
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ITEM ANALYSIS INFORMATION0
NI POINT RISERIAL
CD CORRELATION OF
CD ITEM WITH

PROPORTION STANUAwn RELIABILITY VALIDITY

CD ITEM 4NSWERINA DEVIATION TOTAL CRITFRION INDEX INuEx

CD NUMBER ITEM nF. TEST SCORE

CD CORRECTLY ITEM SCORE

1 .500 .500

2 050 .433

3 O .300

4 .950 218
5 .400 .490

6 .450 .497

7 .800 400
8 .550 .497
9 .900 .300

. 540

4381
. 295

.320

.490

.334

. 351

. 410

. 183

0.000
0.000
nom
nom
0.000
nom
nom
nom
nom

.270

.168

.089

. 070

.240

. 166

.140

.2n4

.055

51 .650 .477 .515 0.000 .246

52 .500 400 .563 4.000 225
53 .650 477 .652 0.000 311

54 .200 .400 .575 nom 230
55 .250 .433 485 0.000 .210

56 700 .458 ,384 0.000 176

57 .550 .497 .619 0000 .305

58 .350 o477 .439 0.000 .209

59 .500 .500 .632 0.000 .316

60 .550 .497 .689 0.000 .343

61 .600 .490 749 00000 .387

62 .550 .497 .612 0.000 .304

63 .350 .477 .641 0000 .306

64 .350 .477 .669 0.000 .310

65 .500 500 .594 0.000 .297

NOTE. POINT BISERIAL CORRELATIONS OP ITEM WITH CRITERION SCORE AND
VALIDITY INDEX ARE 0.0 BECAUSE OF ABSENCE OF CRITERION SCORE

12/69

ENO OF TEST
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.000

.000

.000

.000

.000
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. 000
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. 000

. 000
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0 COST ESTIMATE
14)

0
0 For the job listed on the Sample Input, the total running time
0 was 1.936 seconds for central-proLessor time and 25.105 seconds
o
0

for peripheral-processor time with a memory usage of 63,200 words.
Chargeable computer time was $1.00 (Northwestern University mini-
mum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS TSSA

pages

1-3 Identification & Abstract
5-9 User Instructions

11-15 I/0
17 Cost--Contents

4/70 0
17
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

EDUCATIONAL INFORMATION NETWORK

000 0036

Zellner's Three-Stage Least-Squares
Program

Z3SLS NUCC125

Vogelback Computing Center
Northwestern University

A. Zellner
The University of Wisconsin

L. Weiner
Department of Industrial Engineering
Northwestern University

LANGUAGE CDC FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

FUNCTIONAL ABSTRACT

Z3SLS computes two- and three-stage least-squares (2SLS and 3SLS)
estimates of parameters in simultaneous or interdependent econo-
metric models. The program first regresses each variable on all
the predetermined variables within the model to yield unrestricted
least-squares estimates of the reduced-form system. Coefficient es-
timates, standard errors, etc., are output of the first part of
Z3SLS. The second set of computations yields either the 2SLS es-
timates or both 2SLS and 3SLS estimates, with associated statistics.

REFERENCES

Stroud, A., Zellner, A., and Chou, L.C., "Program for Computing Two-
and Three-Stage Least Squares Estimates" (long writeup for Z3SLS),
Northwestern Univ. Comp. Ctr. Available from EIN for the cost of
duplication and mailing.

5/69 1
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USER INSTRUCTIONS00

0
Main-Problem Card

Description of Input Data

Columns Contents

1 2 Number of variables to be read from Data Cards

3 5 Number of variables added by TRANS (see paragraph

below)

6-10 Number of observations

11 Number of Format Cards

Number of equations in first set of computations
(may equal 0)

14-15 Number of equations in second set (may not equal 0)

16 =1: correlation matrix for all variables in system

is to be printed

17 =1: residual covariance matrix is to be printed

=2: residual correlation matrix is to be printed

=3: both matrices are to be printed

18 =1: only 2SLS (no 3SLS) estimates are to be printed

19 =1: covariance matrix of 3SLS estimates is to be

printed
=2: correlation matrix of 3SLS estimates is to be

printed
=3: both matrices are to be printed

20 =1: DurbinWatson statistic for each equation of the

second set is to be printed (used only if Cols. 12

13 equal 0)
=2: as above, with residuals, punched one per card

21-22 Number of F statistics to be computed (see Sec. 2.3

of long writeup of Z3SLS1)

23-24 Number of restricted estimates to be done (see Sec.

2.4 of long writeup of Z3SLS1)

25 =0: covariance division option "0" is called

=1: option "1" is called

26 =1: data from previous main problem are to be used.
(No Variable-Name or Format Card may appear. The

next card should be the first equation Control Card
of second set. Columns 1-10 and 12-13 may be blank

in his case.) continued

5/69 3
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Columns Contents

27-80 Heading (to be printed at the top of each page)

Transformation Option: The data may be transformed as they are
read in by hand-coding a subroutine that is called after each ob-
servation is read. The name and dimension statement are

SUBROUTINE TRANS (DATA, N)
DIMENSION DATA (70)

The vector, DATA, contains the Nth observation in positions 2 to
(k+1), where k is the number of variables read in (see Cols. 1-2
of Main-Problem Card). The first position contains a 1.0 for the
constant. Note that the vector is in double precision. If there
is a change in the number of elements used In DATA, this must be
noted in Cols. 3-6 of the Main-Problem Card. The number of vari-
ables added may be negative.

Variable-Name Card

Columns Contents

3- 8 Name of variable having index number 1

9-10 Blank

11-16 Name of variable 2

17-18 Blank

73-74 Blank

75-80 Name of variable 10 [If more than 10 names are nec-
essary, continue on another card in the same way.
There must be one name (even if blank) for each var-
iable. The total number of variables equals (Cols.
1-2) + (Cols. 3-5) + (Cols. 12-13). (Columns re-
ferred to are on the Main-Problem Card.)]

Format Card(s)

This is a standard FORTRAN Format Card that describes how the data
are punched on the following Data Cards. (The word FORMAT is not
punched and the format statement, including enclosing parentheses,
may use all 80 columns on the card. The data must be read, one
observation at a time, as floating-point numbers; thus only X, F,
and E field specifications may be used.)

.

4
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Data Cardstr)

0
a

The raw data for the full system only is read in with each obser-
0 vation grouped together on one or more cards. The valucs must cor-a respond with the format specified on the Format Card.

Equation Control Card(s)

Columns Contents

1 6 Any alphanumeric identification to identify the equa-
tion

7-10 Blank

11 =1: covariance matrix of regression coefficients is
to be printed

=2: correlation matrix of coefficients is to be printed
=3: both matrices are to be printed

12-16 Blank

17-18 Number of independent variables in this equation
Note: If the constant term is to be included in the
regression, it must be counted as an independent vari-
able and must be included in the list of independent
variables, starting in Col. 21. The constant term is
designated by a variable number 0.

19-20 Number of the dependent variable (as it appears in the
raw data)

21-22 Number of the 1st independent variable (see Note under
Cols. 17-18 above)

23724 Number of the 2nd independent variable

Etc.
(A maximum of 30 independent variables is permitted.) The first set
of computations provides M new variables (YI, Y2,.., Ym) The num-ber M is specified by Cols. 12-13 of the Main-Problem Card. These
new variables are assigned index numbers in the order of computation,
starting with [(Cols. 1,2) + (Cols. 3-5) + 1] and going up to
[(Cols. 1,2) + (Cols. 3-5) + M]. The endogenous variables should bereferred to by these index numbers when specifying the regressors in
the second set of computations.

F-Statistic Control Cards

For each F statistic that is desired, the following cards must be
included.

continued
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EDUCOM

(a) First Card CD
CD

Columns Contents CDa
1 2 Number of nonzero rows in the C matrix

3 4 Number of cards described in (b) below

5-80 Any title for this F statistic

(b) Cards Containing the Nonzero Elements of the C Matrix

These elements are punched six per card as follows.

Columns Contents

1 8 Identification (or blank)

9-10 ml (punched in I format)

11-12 ni

13-20 C (punched in F%format)
ml,n1

69-70 M6

71-72 n6

73-80
1116 016

Restricted-Information Control Cards

For each restriction computation desired, the R matrix and r vec-
tor (see Ref. 1, p. 9, Sec. 2.4) are punched on cards in exactly
the form described above for the C matrix (see F-Statistic Control
Cards). The r vector is assumed to be the (m + 1)st column of the
kXm R matrix. (Here k < m, and m is the total number of independ-
ent variables in the analysis.)

Subroutines

Subroutine TRANS is provided with Z3SLS; however, hand coding of
the subroutine is permissible [to allow user specification of a
transformation (see p. 4)].

6

129

continued

5/69



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0036

Description of Output
0
0

1. Display of parameters from Main-Problem Card
0
0 2. Display of variable format0

3. Means, standard deviation, and variance of the variables

4. Correlation coefficients of the variables

5. Stage 1 output:

(i) regression coefficient and standard deviation for each
independent variable in each equation

(11) inverse crossproduct matrix for variable appearing in
each equation

(iii) normalized inverse matrix for each variable appearing
in each equation

6. Stage 2 output:

(i) same as 5(0-5(iii)

7. Stage 3 output:

(i) residual covariance matrix

(ii) residual correlation matrix

(iii) efficient estimatescoefficients and deviations for
each variable appearing in each equation

(iv) coefficient covariance matrix

(v) coefficient correlation matrix

(vi) repeat 7(i)-7(v), with estimates subject to user's
restrictions

8. Final message stating "normal termination"

Error Indications

An appropriate message is printed when parameters of the Main-
Problem Card are beyond acceptable limits.

Limitations

The set of cards discussed under Description of Input Data may be
repeated for as many sets of computations as desired. The capa-
city limits for this program are now the following.

continued
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Total number of variables (including 1 for constant) 70

Number of equations in first set of calculations 20

Number of equations in second set of calculations 20

Number of independent variables in any equation 30

Number of restrictions tested by any F statistic 30

Number of restrictions imposed for estimation 30

Number Of Format Cards 2

Job Deck Structure

Job Card
LIBRARY(Z3SLS)
LGO.
7-89 (EOR Card)

Main-Problem Card
Variable-Name Card(s)
Format Card(s)
Data Cards
Equation Control Cards for 1st set
Equation Control Cards for 2nd set
F-Statistic Control Cards
Restricted-Estimation Control Cards

6-7-8-9 (EOI Card)

REFERENCES

1. Stroud, A., Zellner, A., and Chou, L.C., "Program for Comput-
ing Two- and Three-Stage Least Squares Estimates" (long write-
up for Z3SLS), Northwestern Univ. Comp. Ctr. Available from
EIN for the cost of duplication and mailing.

,10 8
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VLoRR.C9IMMOONMSMOMICm64400. z3SLS

LOO.
LIOR49Y(Z3SLS)
13 211 3 31303 11 3SLS ON KLEIN OATA...D1VISOR NOT ADJUSTED

w2 1 (, TIME P(.1) ((.1) YTW2.1 C I 141

12 wl+W2 YT.w7 PH W1W2H YTW2H
(3F12.8, F3.0, 3E12.5 / 6E12.5)
0,27000F 01 0.77000E 01 0.90000F 01 1. 0.12700F 02 0.18290E 03 0.44900E 02 219

0.41800E 02-0.2000a-00 0.25500E 02 0.12400E 02 0.28200F 02 0.45600E 02 218

0.29000F 01 0.39000E 01 0.61000E 01 2. 0.17400E 02 0.18260E 03 0.45600E 02 22A

0.0000E 02 0.1900UE 01 0.29100F 02 0.16900E 02 0.32200E 02 (1.50100E 02 22B

0.29000E 01 0.47000F 01 0.57000F 01 3. 0.16900F 02 0118450E 04 0.50100E 02 23A

0.49200K 02 0.5?000F 01 0.38100F 02 0.18400E OP 0.37000F 02 0.57200E 02 238

nolona 0 0.3800uE 01 n.66000F 01 4. 0.18400E 02 0.16970E 03 0.57200E 02 24A

0.50600E 02 0.30000F 01 0.33900F 02 0.19400E 02 0.37000F 02 0.57100E 02 248

0.32000F 03 0.55000F 01 0.65000F 01 5. 0.19400F 02 0.19270E 03 0.57100F 02 25A

0.52600E OP 0.51000E 01 0.35400F 02 0.2n1nnE 02 0.36A00F 02 0.61000E 02 258

0.33000E 01 0.7000cE ni 0.66000F 01 6. n.pnlOoF 02 0.197802 03 0.61000E 02 26A

0.55100F 02 0.56000F 01 0.37400F 02 0.14600E 02 0.40700F 02 0.64000E 02 268

0.36000E 01 0.67000E nt 0.76000F 01 7. n.10600F 02 0.20340E 03 0.64000E 02 27A

0.56200F OP 0.44)0(4. 01 0.37900K 02 0.1q80nE 02 0.41800F 02 0.64400E 02 278

0.37000E 01 0.4200VE 01 0.79000F 01 8. 0.19800F 02 0.20760E 03 0.64400E 02 28A

0.67000F 01 0.h/00LIF 01 0.11000F 0217. 0.17600F 02 0.19960E 03 0.62700E OP 37A

0.58700E 02 0.P000oF 01 .41000F 02 0.17300F 02 0.47700F 02 0.65000E 02 378

0.77000F 01 0.74000E ni ,I3000F 021m. 0.17300F 02 0.0180E 03 0.65000E 02 38A

0.57500k 0P-0.14006F 01 0.38200F 02 0.15300F 02 0.45400E 02 0.60900E 02 388

0.78000F 01 00490LE. 1 o.14400E 0219. 0.15300F 02 0.19190E 03 0.60900E 02 39A

0.61600E OP 0.1300CE 01 !.41600E OP 0.10000E OP 0.49400F 02 0.69500E 02 398

0.80000E 01 0.96000F 01 0.15400F 0220. 019000F 02 0.20120E nJ 0.69500E 02 40A

0.65000E OP 0.3300CP 01 r.45000F 02 0.21100E 02 0.53000F 02 0.75700E 02 408

0.8000f 01 0.1160'.F 0? 0.22300F 0221. 0.a1100r 02 0.40450E 04 0.75700F 02 41A

n.69700F np 0.4400ut nl 9.53300F 02 0.21500E 02 0ft,1800F 02 0.86400E 02 418

113 811 0 1 ? 3 4 5 A 7

W1W2 113 141?. 0 1 2 1 4 5 h 7

YTW 113 813 0 1 ? 3 4 S h 7

111 4 m u q141b
113 4 4 0 614

WI 113 4111 0 4 71'

1 cwilJEr1 fn oLSI41r11CN tH4T 1%1 CCPJTANT = 0.

VD
NI

CD

CD
CD
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SAMPLE OUTPUT

mO, VANTARLFS (IN DATA) = 13
mO. %/BIS. ADOFD HY 1141,10) = -n
TwilliuMFNTAL 9F0di.SS1r)NS a

TOTAL Nn, OF VHLS, = In

mc. OF CHSEAvATIONS

FORMAT (311?.St F3.0.

VAPIARLE .,FAN

3F12.5 / 6F12.51

ST0. DFVIATION VARIANCE

1) w? L1 Ilqu5E.00 1.90953E00 3.64630E00

P) t.scaOhEono 1.95266E+00 3.93093E00

(1 9,914i9E.00 3.A1592E00 1.4561?E01

4) TIMF 1.10000E+01 6.05530E+00 3.66667E01

5) P0.11 1.63762t,01 3.93106E00 1.5453PF.01

A) K(-1) :d.o0495E.02 9.67941E+00 9.36920.01

71 YTW2-1 got/AS*7E01 8.70365E00 7.57536E01

A) 6.69552E+00 4.48300E1

9) 1.2660,7E00 3,46618E00 1.20156E+01

10) WI ?.63619E.01 6.15247E+00 3.7052AE.01

/11 I.6n9OSE*01 4.11847E+00 1.6961AE01

12) ViloW2 4.141410E+61 7.37374E00 5.43720E01

13) yoT-w2 A.00571E+01 .1.03614E01 1.0735AE.02

10
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EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0036

COST ESTIMATE

For the job listed on the Sample Input, the total running time was
5.056 seconds for central-processor time and 24.288 seconds for
peripheral-processor time with a memory usage of 64,100 words.
Chargeable computer time was $1.41.

Charge to user = computer time + postage and handling + network
overhead

= $1.41 + $15.00 + network overhead

= $16.41 + network overhead

CONTENTS--MLS

pages
1 Identification & Abstract

3 8 User Instructions
9-15 I/0

17 CostContents

4/70 17
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EDUCOM EDUCATIONAL INFORMATION NETWORK

DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

000 0037

Simulator of SAMOS (A Simple Imaginary
Machine Language for Instruction)

SAMOS

Computing Center, The Florida State Uni-

versity.

Marilyn Zupsich, Computing Center, The
Florida State University

FORTRAN IV

CDC 6400, 65K

Decks and listings presently available

Marilyn Zupsich, Computing Center, The
Florida State University, Tallahassee,
Fla. 32306
Tel.: (904) 599-3418

This program simulates the SAMOS computer described in the text-

books referred to below. The SAMOS programming language is a
simplified machine-type language and is used to illustrate the lo-

gic of a computer to beginning-programming students. The simula-

tor accepts programs written in the SAMOS language and executes
them just as the mythical SAMOS computer would.

The SAMOS computer has 10,000 words of magnetic-core storage, each
of which contains 10 characters and a sign (+ or -). Fifteen in-

struction types, covering arithmetic, branching, input, output,
shifting, and the use of index registers, are simulated.

The basic design of the SAMOS computer is described in the follow-

ing diagrams.

9/69 1

140
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EDUCATIONAL INFORMATION NETWORK

000 0037

Description of SAMOS Computer

Basic Design

INPUT
(card
reader)

Control Unit

...41,

CONTROL UNIT

ARITHMETIC UNIT I
.se

STORAGE UNIT

Instruction

Operation Address

Arithmet4c Unit

PERFORMS

additions, subtrac-
tions, divisions,
multiplications

ldata from storagef

EDUCOM

OUTPUT

(Printer)

The control unit is the part of
the computer that determines which
instruction is to be done next, de-
codes the operation to be done,
and coordinates machine working
with the programmed instruction.
To begin, the instruction counter
is set to show where the program
begins.

1 L
ACCUMULATOR

data to be stored

00
2

141
5/69
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EDUCOM
EDUCATIONAL INFORMATION NETWORK

000 0037

REFERENCES
v-)

0
0

1. School Mathematics Study Group, Algorithms, Computation ando Mathematics [A,.C. Vroman, Inc. (367 S. Pasadena Ave.),0
Pasadena, Calif. 91105, 1966].

2. Forsythe, A., Keenan, T., Organick, E., and Stenberg, W.,
Computer Science: A First Course (John Wiley & Sons, Inc.,
New York, 1969).

3. Forsythe, A., Keenan, T., Organick, E., and Stenberg, W.,
Computer Science: A Primer (John Wiley & Sons, Inc., New
York, 1969).
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EDUCOM

tr) USER INSTRUCTIONS

Format of SAMOS Instructions

EDUCATIONAL INFORMATION NETWORK

+ 1 2 3
,

4 5 6 7 8 9 10

sign

1,2,3

4,5,6

7,8,9,10

000 0037

the sign of an instruction must be +; if it is
blank the sign is taken to mean +

characters in these positions indicate the opera-
tion to be performed GADD, SUB, . . .)

either a 0 or 1 for index registers

memory address (0000 9999) or shift count for
SHL, SHR instructions

Format to Type in Instruction on Card

Column

1 sign
2- 4 operation code
5- 7 either a 1 or 0 for index registers
8-11 storage address or shift count

11/480 optional comments

Format of SAMOS Data

Column

1 +,- or blank sign
2-11 any alphanumeric characters

SAMOS Instructions

5/69

Notation

aaaa storage location
(aaaa) contents of location aaaa
ACC accumulator

is replaced by

Instructions

Load the accumulator
+LDA000aaaa (ACC) 4 (aaaa) (aaaa) remains unchanged

143
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EDUCATIONAL INFORMATION NETWORK

000 0037

EDUCOM

Store the accumulator
+ST0000aaaa (aaaa) (ACC) (ACC) remains unchanged

Add
+ADD000aaaa

Subtract
+SUB000aaaa

Multiply
+MPY000aaaa

Divide
+DIV000aaaa

Halt

(ACC) 4- (ACC) + (aaaa) (aaaa) unchanged

(ACC) 4- (ACC) (aaaa) (aaaa) unchanged

(ACC) 4- (ACC) . (aaaa) (aaaa) unchanged

(ACC) 4- (ACC) / (aaaa) (aaaa) unchanged
the remainder is
lost (integer di-
vision)

+HLT0000000

Branch unconditionally
+BRU000aaaa

stop execution

pick up next instruction
at location aaaa; i.e.,
go to location aaaa and
execute the instruction

Branch conditionally (branch on minus)
+BMI000aaaa if the sign of the ACC

is negative (), the
next instruction to be
executed is at location
aaaa. If the sign of the
accumulator is +, SAMOS
will execute the next in-
struction in sequence

Overflow

ADD, SUB, MPY may cause overflow in the SAMOS computer. Di-

vision by zero also causes overflow. (Overflow means that
the answer is too large to fit into one SAMOS word.) When
overflow occurs, the error message nHOVERFLOW and the in-
struction causing the overflow is printed out. Then the ma-
chine halts.

6

144

continued

5/69



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0037

Arithmetic errors

If SAMOS tries to execute any arithmetic statement when the0
accumulator or the storage address referenced does not con-0 tain solely numbers, ,4::ARITHMETIC OPERATION ON ALPHANUMERIC
INFORMATION is printed out. Also, the instruction causing
this error and the area that contains the alphanumeric char-
acters are printed out. Execution stops.

Input/Output Instructions

Read a word

5/69

Write a word

+RWD000aaaa one card is read; the in-
formation in Cols. 1-11
of that card is placed
in storage location aaaa;
the rest of the card is
ignored

+WWD000aaaa the printer is advanced
one line; the information
in location aaaa is
printed out

Note: to print a blank
line, store +bbbbbbbbbb
(b denotes a blank col-
umn) in aaaa and then
+WWD000aaaa

A program will stop when it runs out of cards. Running out of
cards is a normal way to end a program. Other ways to end a
program are with HLT or a statement at location aaaa which
says +BRU000aaaa (it branches to itself).

Index registers

index register 1

4 cellindex register 2
registers

index register 3

Load index n +LIn000aaaa load index register n
(n=1,2, or 3) with the
address part of (aaaa).
[positions 7,8,9,10 of
(aaaa)]

continued
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Test index n 0+TIn000aaaa if index register n is 0
zero, branch to location °
aaaa; otherwise subtract 001 from index register n;
if index register n is not
equal to zero, SAMOS con-
continues with the next
instruction in sequence

Remark: Columns 5, 6, 7 on an instruction card correspond
to index registers 1, 2,and 3, respectively.

****if the column corresponding to an index register has a 1
in it, SAMOS will add the contents of the index register to
the address part of the instruction before executing the in-
struction.

Shifting Instructions

Sometimes it is necessary to use part of a word or to combine
several items into one word. This is done by instructions
that move the accumulator to the left or right.

Shift left

Shift right

+SHL000000n this shifts the contents
of the accumulator n
positions to the left,
where n is less than or
equal to 9. The sign is
unchanged. The leftmost
n digits are lost and the
rightmost n digits are
zero

+SHR000000n this is similar to SHIFT
Left, except that the
contents of the accumu-
lator are shifted n
digits to the right.

Structure of a SAMOS Program Deck
(Items a, b, and d are required. Item c is optional.)

(a) SAMOS source deck
(b) A card that is all blank
(c) SAMOS data cards
(d) BOR card (7-8-9 card)

8

continued

5/69

146



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0037

Remarks

(a) Blanks other than a blank sign are not interpreted as
zeros

(b) Several SAMOS program decks may be data to the simulator
at one time. Each program will be processed separately
and in sequence

(c) Before execution of each program, an 80-column listing
of the source deck is produced, including the SAMOS core
locations of each instruction

(d) Initially, the SAMOS memory, the accumulator, and the
index registers are zero

Restrictions

The SAMOS source program must not exceed 10,000 storage words.

Error Messages

As a result of halts, overflows, and various errors, SAMOS prints
out the contents of the index registers and of the accumulator.
If processing was terminated by an error, an appropriate error
message will be printed.

(a) ggINCORRECT SIGNgg character other than +, , or blank
in Col. 1.

(b) ggINCORRECT OPERATION CODEgg
(c) ggNON-EXECUTABLE STATEMENT, LOCATION xxxx* may be the

result of in Col. 1.
(d) ggOVERFLOW IN STORAGE ADDRESS xxxx**
(e) ggARITHMETIC OPERATION ON ALPHANUMERIC INFORMATIONgg
(f) ggOVERFt_OWgg Arithmetic overflow
(g) ggSHIFT ERRORgg
(h) ggNO BLANK CARDgg
(i) ggMORE THAN 10,000 CARDSgg
(j) ggOVERFLOW IN INDEX REGISTERgg (number larger than 9999)

At The Florida State University, the SAMOS simulator is kept on a
common file. To use the simulator, you need the following control
cards.

1. Job card

Starting in Col. 1, type
job name (any name 1-7 charcters long), CM45000,T10. job
number, name

5/69 9

147

continued



EDUCATIONAL INFORMATION NETWORK EDUCOM

000 0037
-era.

job number is assigned by The Florida State University Com-
puting Center for bookkeeping purposes.

Example: MZ, CM45000,T10. 0139, ZUPS1CH
-4

2. COMMON SAMOS. (starts in Col. 1)

3. SAMOS. (starts in Col. 1)

4. 7-8-9 card (a 7,8,9 multipunched in Col. 1)

5. SAMOS program decks as described above.

You may run more than one program at a time since the simula-
tor is a multiprocessor.

6. 6-7-8-9 card (a 6,7,8,9 multipunched in Col. 1)

10
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r- SAMPLE INPUT)41

CD
CD

E03,Cm43000. 0139, ZUPSICH
CD COMMON SAMOS,
CD SAMOS,
CD 47-8-9 COW

ww00000013
RW00000014 WRITE FIRST TWO NUMMERS
LOA0000014
010000015 COUNT
T110000012
4000000013
smonool3
wo0000013 wRITE TMIRn ANO OM/NUMBERED NUMA000000014
ST00000014
Ww00000014 WRITE FOURTH ANn EVEN.NO, NuMORU0000004
HLT0000000 THIS PROGRAM CALCULATES THE FIRST 50 FIWONACCI NUMURS0000000001
0000000001
0000000050

(7444 CARO)
(6"7R°9 CARD)

5/69 11
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CD
CD smvbsisssiMstsSSI0SSSIASSSS6mSsMsss5S1)16$6$$$$SS9SmsWeSwit.ssi4s:S$142SSIos*Si.

CD
CD n ww00000013

I wwD0000014 WRITE FIRST TWO NUMBERSCD

2 LDA0000014
3 LI10000015 COUNT
4 7110000012
5 ADD0000013
6 5100000013
7 0100000013 WRITE THIRD AND 000NUMBERFD NUM

8 4000000014
Q ST00000014

16 ww00000014 WRITE FOURTH ANO EVENINNO. NUN

11 ORU0000004
12 HLT0000000 THIS PROGRAM CALCULATES THE FIRST SO FIBONACCI NUMBERS

SAMOS EXECuT ION

5/69

13 0000000001
14 0000000001
15 0000000050

0000000001
000000000'
0000000002
0000000003
0000000005
0000000008
0000000013
0000000021
0000000034
0000000055
0000000089
0000000144
0000000233
0000000377
0000000610
0000000987
0000001597
0000004584
0000004181
0000006765
0000010946
0000017711
0000028657
0000046368
0000075025
0000121393
0000196418
0000317811
0000514229
0000832040
0001346269
0002178309
0003524578
0005702887
0009227465
0014930352
0024157817
0039088169
0063245986
0102334155
0165580141
0267914290
0433494437
0701408733
1134903170
1836311903
2971215073
4807526976
7778742049
*OVERFLOW**
*END*

INDEx REGISTER 1 26 INDEX REGISTER 2

INDEX REGISTER 3 0 ACCUHULATOR 7778742040

12
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COST ESTIMATE

For the program listed in the Sample Input, the elapsed computer
time was 2.075 seconds of central-processor time and 9.040 seconds
of peripheral-processor time. The amount of memory required was
on the order of 43,0008 words, thereby causing charges to be com-
puted at the rate of $150./ computational unit (hour).

Approximate charge to user = computer time + consulting, handling,
and postage + network overhead

= $0.46 + $7.50 + network overhead

= $7.96 + network overhead

CONTENTS

pages

1-3
5-10

11,12
13

5/69
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DESCRIPTIVE TITLE

CALLING NAMES

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY
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O'Neill Concordance Package

CONTEXT, CONCORD

Computing Center
The Florida State University

Julia C. Lawson
Computlig Center
The Florida State University

CDC FORTRAN IV: Main Programs
CDC Assembly Language (ASCENT): Subroutines

CDC 6400: Concordance Preparation
IBM 1401: Card-to-Tape Input and Sorting

Program decks and documentation are
presently available through the CDC users
group (6400)

CONTACT

Special cases will be considered by The
Florida State University Computing Center
Staff

Dr. E.P. Miles Jr., Director Computing
Center, The Florida State University,
Tallahassee, Fla. 32306
Tel.: (904) 599-3418

FUNCTIONAL ABSTRACT

The O'Neill Concordance Package has been developed to prepare a
concordance to the plays of Eugene O'Neill. It consists of two
related programs called CONTEXT and CONCORD.

CONTEXT operates on text that has been keypunched in a relatively
free format on cards. The text is edited for spacing and for cer-
tain common keypunching errors and is broken into units called
contexts, which are usually short complete sentences or substan-
tial clauses or phrases ending with a comma or other punctuation.
The contexts, which are the input for CONCORD, are then printed
for visual inspection. Occasionally, a context will contain no
punctuation or may be meaningless because of the mechanical rules
used. For example, the abbreviation A.F. of L. will produce three
separate contexts. Such occurrences may be corrected by preparing
change data for the CONCORD program.

continued
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CONCORD operates on the contexts produced earlier, updating these
data according to changes resulting from a visual inspection.
Words that are in a user-specified dictionary are then eliminated.
Each remaining word is then written on magnetic tape with its as-
sociated context, location in the text, and serial numbers.

Finally, the words are sorted into alphabetic order and merged so
that all contexts for a given word are grouped together. The re-
sulting concordance is printed on standard continuous-form paper
suitable for photographic reproduction.

2
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USER INSTRUCTIONS CONTEXT

0
0
0 Text is keypunched on IBM cards, with no attempt to complete a word

(and no hyphenation) at the end of a card. Words must be separated
by punctuation or at least one blank space. Because of limitations
on characters available with keypunches, / is used for I, $ is used
for ?, and * precedes and follows the name of a speaker. Similar
sets of conventions will be necessary for other types of text. A
logic table is used to adjust CONTEXT to other consistent sets of
conventions.

The arrangement of the text on cards is controlled by a variable-
input format specified on the input Control Card. The accompanying
Sample Input uses a format that assigns the first 90 card columns
to a line of text and defines three identification fields--one of
four columns and two of six columns. Since an IBM card has only 80
columns, this format applies to each pair of Data Cards.

Logic Table

The logic table is a 15X15 matrix that determines which of 18 alter-
native actions is to apply to a given character. Let CC be the cur-
rent character under consideration and let NC be the next following
character. Then, the accompanying sample logic table selects among
the following options.

Option

1. Do not enter CC into context line, continue to NC (e.g., the op-
tion might be used on a blank comma)

2. Move CC and continue (e.g., used on alphaalpha)
3. Move CC into context line and suppress next move (e.g., used on

a dashblank)

4. Move CC and continue (option should be used when CC is a comma
and NC is other than quotation marks, left parenthesis, alpha-
numeric, or asterisk)

5. Move CC and insert a blank before NC (e.g., upon encountering a
commaletter, one might wish to insert a space)

6. CC is a terminal character (e.g., period, right parenthesis,
etc.) and NC is not an asterisk (denoting end of text). Enter
CC and return. (If NC is a quotation mark, it will also be en-
tered into the context line)

7. CC is a terminal character. Enter it into the context. NC is

continued co
tr)
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an asterisk. End the context line and return

8. NC is an asterisk. Move CC and test for * after NC. If so,

then end context and return. If not, read. a new line and

continue

9. CC is a blank; NC is a blank. Move CC only if context line
has begun. Otherwise, continue without move

10. CC is illegal.

11. CC is a comma;
Option 8

12. CC is a letter;
Option 8

13. CC is a dash; NC is a dash. Move both and return (double
dash is a terminal condition)

14. CC is a blank; NC is not a terminal character. Move CC and

continue

15. CC is a letter; NC is a left parenthesis. Move CC and add a

space before NC

16. CC is a left parenthesis. Move CC. If next character is a
blank, suppress next move. Otherwise, continue

17. CC is a right parenthesis. If a left parenthesis has occurred
in the context line and the line is sufficiently long, termi-

nate and return. Otherwise, continue as in Option 6

18. CC is a right parenthesis; NC is an asterisk. Terminate the

line as in Option 7

Print message to that effect

NC is an asterisk. Move CC and go on as in

NC is an asterisk. Move CC and go on as in

Control Cards

Title Card (reciLired)

Columns Contents

1-72 Alphanumeric information and/or numbers

Input Control Card

Columns

1 3
4 5
6 7

8-10

6/69

Contents

"CCf"

Block size of input (number records/block)

Number machine words/record

Number characters/record

5
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Columns Contents

11 Number of ID fields (6 characters each; maximum 5)

13-80 Variable-input format

Process Control Card

Columns Contents

1 3 "CCP"

4 Blank

5 9 Serial ID of 1st record to be processed

10-14 Serial ID of last record to be processed

15 Blank

16-18 Length of text line

19-20 Minimum number of characters in a context-line serial
number (i.e., which of the ID fields contains the seri-
al ID to be used in comparing with the 1st and last rec-
ords to be processed)

Output Control Card

Columns Contents

1 3 "CCO"

4 5 Numbers of records/output block

6 7 Number of machine words/records (maximum 2500)

13-80 Variable-output format

6

157
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co USER INSTRUCTIONS CONCORD
14)

0
0 Logic Table
0
0

CONCORD uses a logic table that is a 15X15 matrix to decide the
break points of a given unit of text--i.e., where words (speak-
ing linguistically) begin and end. Let CC be the current char-
acter under consideration and let NC be the next following char-
acter. Then, the accompanying sample logic table selects among
the following options.

Options

1. Space forward, continue scan

2. Two successive blanks (end of sentence)

3. Begin word

4. End word

Control Cards

Title Card (required)

Columns Contents

1-72 Alphanumeric information and/or numbers

Input Control Card

Columns Contents

1 3 "CCI"

4 5 Input block size (number of records/block)

6 7 Number of machine words/record

8-10 Maximum number of characters/text line

11 Number of ID fields

13-80 Variable-input format of input record

Process Control Card

Co;umns Contents

1 3 "CCP"

4 9 Starting-line number

10-15 Starting ID label

continued 00
tr)
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00 Columns Contents
1,r)

18-21 Ending-line number

22-27 Ending ID label

28 Position of label in ID fields

29 Position of serial in ID fields

30-50 Variable format for reading ID fields from Correction
Cards. (If corrections are punched the same as text
on tape, the variable format should be the same as the
ID-fields portion of the 4-Iput format)

Output Control Card

Columns Contents

"CCO"

Number of logical records/physical record output

Number of words/logical record output

13-72 Variable-output format

1 3

4 5

6 7

Label Card

Columns Contents

1-10 Title to compare with starting label of text

11-16

17 * if there is not a dictionary of deleted words to be
read

Dictionary of Deleted Words

Columns Contents

1

20-39
Punch four words/card, beginning in Cols. 1, 20, 40,
and 60. End is signaled by *END.

60-79

Update Correction Cards

Columns Contents

1 A: add to text
R: replace line in text by correction
P: replace flags by correction

6/69 9
I
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Job Deck Structure 00

Job Card
Library (CONrEXT, CONCORD)
LGO.
I. CONTEXT

A. Control Card(s)
Title Card
Input Control Card
Process Control Card
Output Control Card

B. Program Card(s)
C. Data Card(s) or tape(s)
D. EOF Card

II. CONCORD
A. Control Card(s)

. Title Card
Input Control Card
Process Control Card
Output Control Card
Label Card
Dictionary Card
Correction Card(s)

B. Program Card(s)
C. Data Card(s) or tape.(s)
D. EOF Card

00

0
0
00 10 6/69
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00 SAMPLE INPUT-CONTEXT

CD 41.. F.1,NKy 06. THI Lo-r. A Loll-, 44 A HmALKtT. 1 Irlk OFT CO14.UPDO-10, k

CD OVU14:P.Y. THE. FL.00- ,E.P? II. A PAIL ,oTTH a ;IN olloPt.k, OILSKINS ARP_
11.011,11qt% OM A HuOK N/AW THF .4,144AY,

le't FAR StUt OF THt FoNtCAsTLF. 50 4PH40N TH r 1r (000.t(4c ONIY ONE SERIES

m'
1. 0,Autp I Hl. 140A.AN A 0I,ImPSE ( NE HAD OF 5EA.CHF515. SofiLASES, SEA-HOOTS.

JAm Li) lu INulyN11(1;.alF V.
AT WUJUL4. 1NTLF,I.ML5 A mi. 014 SO THE utast uF THL iTtA4L4sS 4HTS1LE.
LAN HE HEAHO 4H(Dil._ ALI (DF Ii H SOil'S.
tIvE mt.N .41 S1111.0, :11 r# -t rmtS IALKINN. OPF'SSEO IN 01141v

PAIrHhn 5 IIi OF 01h4h.(IFF. F1, Sh1,4TS, ANN ALI 44 Po 1HEIR STOCAING
haT. FO.:4 OF iDk '1' 1°'11-; 14(1 h.. $'"IPES AD, !Dr -IP IS HEAVY. AITH PANCIn
f.itiacco S UKE. SITTI 11.3 ON imt TiUd .4ONA IN THE LPF1 FO4E64UUNne A
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CONCORDANCE OF 'THE ICEMAN COMETH' BY EUGENE O'NEILL

NUMBERS ON THE RIGHT SIDE OF THE CONCORDANCE REFER TO THE PAGE THAT

THE LINE UCCURS ON IN 'YHE PLAYS OF EUGENE O'NEILL',

1954, NEW YORK, BY RANDOM HOUSE

AGO (CONT'D.)
SOLD HIS SUIT AND SHOES AT SOLLY'S TWO DAYS AGO.
HIS MOTHER AND I WERE FRIENDS YEARS AGO ON THE COAST.
THAT WAS ELEVEN YEARS AGO.
SINCE HIS WIFE DIED TWENTY YEARS AGO.
I
MET DICK TRUMBULL ON THE STREET A YEAR OR TWO AGO.

SAY, CHUCK'S KIDDIN' ABOUT DE ICEMAN A MINUTE AGO REMINDS ME.
WHY WOULDN'T YUH HOP OFF YOUR FIRE ESCAPE LONG AGOS
WASN'T NONE OF THEM AROUND THE LAST TIME, TWENTY YEARS AGO.
HE KEPT HIMSELF LOCKED IN HIS ROOM UNTIL A WHILE AGO,
AND THAT WAS YEARS AGO.

AGONY
BUT TRYING NOT TO LISTEN, IN AN AGONY OF HORROR AND CRACKING NERVE.)

AGREE
(HE SINGS-) =OH, COME UP,= SHE CRIED, =MY SAILOR LAP, AND YOU AND I'LL AGREE,
(HE SINGS..) =OH, COME UP,= SHE CRIED, =MY SAILOR LAD, AND YOU AND I'LL AGREE.
(SHAKES HIS HEAD) YOU'LL FIND HE WO.\.'T AGREE TO THAT.
AND THE BOORISH BOER HAD THE IMPERTINENCE TO AGREE WITH HIM.
=CWT. UP,= SHE CRIED, =MY ICEMAN LAD, AND YOU AND I'LL AGREE--=
DEY'D SAY, =SO YUH AGREE WID HICKEY, DO YUH, YUH DIRTY LITTLE GINNYS
WELL, WE AGREE WID HICKEY ABOUT YOU, SEE/

AHEAD
SO GO AHEAD AND SHOOT HIM,
(HIS KIDDING A BIT FORCED) YEAH, GO AHEAD, KID THE PANTS OFF US/
(HE IS STARING AHEAD OF HIM NOW
HE STARES AHEAD, DEFP IM HARRIED THOUGHT.
(HE CHUCKLES) ?UT THAT'S AHEAD OF MY STORY,
THEY ARE ALL VERY DRUNK NOW, JUST A FEW DRINKS AHEAD OF THE PASSING-OUT STAGE,

AI 1,4

AIR
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BUT HIS AIM IS POOR AND IT LANDS ON HICKEY'S COAT,

TELLING PEOPLE YOU THROW THE MONEY UP IN THE AIR
YOU COMIN' UP FOR AIRS
WITH A PATHETIC ATTEMPT AT A BFMK, NO-M)RE-NONSENSE AIR) TOMORROW, YES.
PY GOTT, THERE IS SPACE TO BE FREE, THE AIR LIKE VINE IS,
AND TOLD US ALL TO GIT DRESSED AND TAKE DE AIR/
(WITH A BUSINESS-LIKE AIR) I PICKED TWELVE BUCKS OFFA HIM.
(WITH AN AIR OF FRANKNESS) YES, AND I OUGHT TO TAKE A WALK AROUND THE WARD.
PARRITT CHANGES TO A CONTRITE, APPEALING AIR)
(HURRYING ON WITH AN ATTEMPT AT A PLAUSIBLE FRANK AIR
(GIVES HUGO A SHAKE) HEY, HUGO, COME UP FOR AIR/
(HE HAS THE TERRIBLE GROTESQUE AIR, IN CONFESSING HIS SORDID BASENESS,
(AGAIN HE HAS A STRANGE AIR OF EXONERATING HIMSELF FROM GUILT

15
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PAGE
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;:omING FrO

WITH THF AIR OF A HnST WHOSE PARTf IS A HUGE SUCCESS, AND RAMdLES ON HAPPILY)

BEJFES, THIS AIN'T A FRESH-AIR CURE.
AIRILf

(IGNORES HIMAIRILY) YES, I'M LEAVING, ROCKY,
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675 ICEMAN

6 / 69



t4)

EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0038

COST ESTIMATE

For the job listed on the Sample Input of CONTEXT, the total run-
ning time was 76.6 seconds for central-processor and peripheral-
processor time at $2.50/hr, = $5,29.

For the job listed on the Sample Input of CONCORD, the total run-
ning time was 94.2 seconds for central-processor and peripheral-
processor time at $2.50/hr. = $7.50.

Charge to user = computer time + postage and handling + network
overhead

= $11.78 + $7.50 + network overhead

= $19.28 + network overhead

CONTENTS

pages
1,2
3-6
7-9

10
11,12
13-16

17

CONTEXT, CONCORD

Identification & Abstract
User Instructions--CONTEXT
User Instructions--CONCORD
Job Deck Structure--CONTEXT, CONCORD
I/0--CONTEXT
I/O--CONCORD
Cost--Contents
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

000 0039

Synagraphic Computer-Mapping Program

SYMAP 5.12

Computing Center,
The Florida State University

Howard T. Fisher, Northwestern Techno-
logical Institute (overall design and
mathematical model)

Mrs. O.G. Benson, Northwestern University
Computing Center (programming)

LANGUAGE FORTRAN IV

COMPUTER Originally developed on IBM 709; also on
IBM 360/40 and IBM 7094 at Harvard Uni-
versity

PROGRAM AVAILABILITY

Available in EIN through The Florida
State University CDC 6400

Decks, listings, and documentation pres-
ently.available from The Florida State
University Computing Center

CONTACT Ray Soller, Librarian, Computing Center,
The Florida State University, Tallahassee,
Fla. 32306
Tel.: (904) 599-3418

FUNCTIONAL ABSTRACT

The Synagraphic Computer-Mapping Program (SYMAP) produces maps
that depict spatially disposed quantitative and qualitative infor-
mation. Raw data of every kind (physical, social, economic, etc.)
may be related, weighted, and aggregated in a graphic format by
assigning values to the coordinate locations of data points or
data zones. According to the application and desired representa-
tion of data, three basic types of mapping procedure may be speci-
fied: contour, conformant, or proximal.

CONTOUR--based on the use of contour lines, each of which represents
la value remaining constant throughout its ength. The map consists

of closed curves that connect all points having the same numerical

continued
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value. The value at each of the different levels of contour

(where a single contour level will represent a particula data

value) is determined by the program, according to the scale of
the map and the range of the data. Between any two contour lines,

a continuous variation is assumed. Therefore, the use of contour
mapping should be restricted to the representation of continuously
varying information, such as topography, rainfall, or population

density.

CONFORMANT--based on the conformance to the boundaries of a data

zone. This type of mapping is best suited to data for which the
representation as a continuously varying surface is inappropriate
owing to the significance of physical limits or boundaries. Each
predefined data zone is assigned one data value and, depending
on its numeric class (range), one representative character on the
map itself. Local variation within the zone boundaries will not
be apparent, but will, on the average, be correct.

PROXIMAL--based on proximity to a data point. In appearance, this
type of map is similar to the conformant map. However, point
information is used here to define the data zones. Each character
location on the output map is assigned the value of the nearest
data point, using nearest-neighbor techniques. Boundaries are
then assumed along the lines where these values change. Then the
mapping is carried out as in the conformant type.

REFERENCES

Robertson, J. C., "The SYMAP Programme for Computer Mapping,"
Cartographic 108-113 (Dec. 1967); taken from a report of the
Select Committee on the Ordinance Survey of Scotland.

Fisher, M., "The Laboratory ior Computer Graphics," Harvard Univ.
Grad. School Design Suppl. (Summer 1967).

Shepard, D., "A Two-Dimensional Interpolation Function -cor Irreg-

ularly Spaced Data," Harvard Univ. Grad. School Design Lab.
Computer Graphics (Feb. 1968); available from the Computing
Center, The Florida State University. Deals with the subject
of analyzing irregularly spaced data derived from a continu-
ous surface. A method is developed for reconstructing the

surface from the sampled data. This method is the main de-
vice used to generate the maps produced by SYMAP.

2
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USER INSTRUCTIONS

First, a user must establish the geographic area (called the study
area) that he wishes to be mapped. This area may be rectangular

c=7, or of any other desired shape, but it will be necessary to designate
fixed borders from which required measurements (e.g., the relative
positions of controlling points) and further lines of subdivision
may be drawn. This "source map" orientation will be the device by
which the i.aput point coordinates (row and column) are determined,
(As a reference guide, a standard character on the printer measures
.1 X .125 in.)

The following is an example demonstrating the system control se-
quence required by the CDC 6400 when all input is by card.

SAMPLE,T60,CM72000.
COMMON SYMAP.
REWIND(SYMAP)
SYMAP.
(7-8-9) punch in Col. 1

(data and program control cards)

job number, name

(EOR card)

(6-7-8-9) punch in Col. 1 (EOF card)

Input to the computer is in the form of a deck of punched cards,
consisting of the above introductory cards, followed by a number
of "packages." The packages are each composed of additional cards
describing some specific information about the desired map--e.g.,
boundary and data points, legends, barriers (permeable or imperme-
able), data values, title, etc.

User instructions are further documented in the reference cited
below and are available as indicated.

REFERENCES

Reference Manual for Synographic Computer Mapping--"SYMAP,"
Harvard Univ. Grad. School Design Lab. Computer Graphics,
Version V, Draft No. 2; available from the Computing Center,
The Florida State University. Describes the three types of
maps produced (contour, conformant, proximal) and contains
detailed instructions on preparation of program control cards
and organization of data for SYMAP.

6/69 3
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m
tr) SAMPLE INPUT0
0 The order of the input cards in the data deck is not listed here
c) explicitly but may be inferred from the format of the output that0
c. foli(Avs.

6/69
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SAMPLE OUTPUT

STRAP. VERSION 5

;

pfiltipl Wci NARICitNispLANNING
attYto pitilli pi"
tratlitATHSOt WW1 "1"
TINE 643.6

ACCRF0R0l0LINES

VERTEX

1 AREA

OOMN ACROSS

1

1:11

3.32
3.66

1
111

.24

I:I
/

.3

.5

1
01
:03

.5S

:16
.02 3. 2

MAI" 4.317
CENTER01 2.212g 2.56)

2 AREA

i
2.12

1 ii

1:792

9ili

LING! m 7.88.12
AREA. 3.4
CENIERP1 4.34.

3 AREA

I 11

2.12

ktil

1E14 ha 6.91:1?
AREAm 2.15

465900
E 466000
E
E046620
E04663C
E046640

E04666i

1461108

6.32 10467040
10467100
10467200
EC467300

5. 4 E0467400

di E046750C
10467600

4.99)

6.32 10467700
E046780C

1:21 E0467900
3.66 E046800.0
6.32 1046 8100

2.51g 5.141CENTERIBI

14 AREA

E0477200

1 II

6.1;
7w

8 151:71

95.

4. 9
4. 4
3. 1

2.66

111
2.4
4.14

E0477300
E0477400
E0477500
104776C0
E0477708

yi;880
E 478000

2.921

15 AREA

1 II

3.57
4.62

ISC
3.49
3.27
2.60

4.
.55

7 74
.57

.4

.4
el

E047810C

E0478400

12231US
10478700
EC478800
E0478900
10479C00

kENiihm

2.86

cilt;of
3.91

3.92. 1.531

).

continued
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CY") 8...DATA POINTS
tr)

CD
CD

C:)
C:)
C:)

POINT DOWN ACROSS

Ii

C..*OTOLEGENOS

VERTEX

.50
2.56
4.85

.00 .56
.52

11.44

ill
4.06
6.91

4.0 9.2i
5.89 9.94

g..17
8.23
6.34

5./6 5.33
4.51 3.64
5.67 2.90
3.68 1.54

DOMN ACROSS *ROMS *COLS

1 11 'Ll AT POINT

2.75 12.00

1 21 'MANTEGNA BAY° ACROSS FROM

4.25 10.80

( 31 4.11 AT PUNT

- 0.

- 0. -c.

7.36 2.80 0.
( 41 111. LIGHTHOUSE' ACROSS FROM

7.63 10.50 Co

kmVALUES

DATUM

"

15

VALUE

62.28

4 s.ag

311

6.07
.73

67.62
45.26
98.41
73.06

7.
59.1i
15.51
73.67
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(04/930Q
(04794) 0
(0479500
(0479600
(04797CD
E04798nC
E 79900

g
4280500
482100

t 411.,Z0

E

148034
E 48040

460500
EQ480600
(0480700

(0481000

(0481100

(0481300

(0461400

(0481800
(0481901
(0482Q00
EC482100
£0482200
EQ482300
eQ482400
0482500
(0482600
EQ48270
(048280P
E0482900
EC483G00
(0483100
(0483200
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F-NAP

C CONFORMANY MAP

ESTIMATED PERCENTAGE OF COCONUT ACREAGE SUFFERING FROM SLIGHT

ELECTIVt

114141111EPAiNIS 111 I

8.00 LONG 87
olt 9 0.00) AND I 12.11.061CHES 111110)

6 MI NUMRLOPI A I POINVVIN EACH LEVEL
10 NAP TEAT

QATA POINTS REPRESENT LOCATIONS OF PLANTATIONS USED FOR SAMPLING
25 PRINT DATA POINT SYMBOLS

0.1 MINUTES FOR INPUT

TINE 60.7

MAP I

C CUNFORMANT NAP

C ESTIMATED PERCENTAGE OF COCONUT ACREAGE SUFFERING FROM ALIGHT

NAP SCALE a 1.0000 INCHES Oh OUTPUT MAP1UNITS ON SOURCE MAP

MAP SHOULD OE PRINTED AT 8.0 ROWS PER INCH AND 10.0 COLUMNS PER INCH

Mum : &98:21PIII 1,12882

6/698

17 5

OW COLUMN DATUM VALUE LEVEL

A

l2O
SC 3 -.

25 1 62.28 3
A

A

1 48

76

2

l

A
4

18.89
4.00

i 47.65
1
2

!I
A
A ii 42

6147 I
6 31.73 2

11
A
A

31 66
93

7 67.62 3
2

91 A 41 103
45.26
98.41 5

1 A 42 83
11

4
1i) A 43

73.06
11.17 5

A !I 4
13 A li .17 /3

79.09
59.17 3

14 A 47 3., 14 85.53 5
15) A 32 16 15 73.67 4

TIME a 643.7

continued
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v) COST ESTIMATE0
For the job included as the Sample Output, the total running time

0 was approximately one minute, with charges computed at the rate of
o
0

$225./h (the rate for service when memory used > 70,000). In
general, the number of maps that may be produced in one minute of
processing time may vary from one to three, and the amount of mem-
ory required will usually exceed 70K.

Approximate charge to user = computer time + consulting, handling,
and postage + network overhead

= $3.75 + $7.50 + network overhead

Note: The handling fee is calculated at a rate of $7.50/h and
only one hour's charge is included.

CONTENTS SYMAP

pages

1,2 Identification & Abstract
3,4 User Instructions

5-16 I/0
17 Cost--Contents
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DESCRIPTIVE TITLE Transportation Planning Package
0
o CALLING NAME TRAN/PLAN
so

INSTALLATJON NAME The Florida State University
Computing Center

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

Charles E. Akers
William T. Gaupin
The Florida State University
Computing Center

Primary Language: FORTRAN IV
Secondary Language: COMPASS Assembly

Language

COMPUTER CDC 6400

PROGRAM AVAILABILITY Programs generally available through the
CDC users group. FSU will make them avail-
able to EIN members.

CONTACT William T. Gaupin, Computing Center, The
Florida State University, Tallahassee,
Fla. 32306
Tel.: (904) 599-4770

FUNCTIONAL ABSTRACT
The Transportation Planning Package incorporates a set of analyti-
cal techniques that enable the user to estimate future transpor-
tation requirements and evaluate proposed systems. The collection
of survey techniques, analysis method, and computer programs used
by TRAN/PLAN have evolved over the past two decades through
studies supported by State Highway Departments, U.S. Bureau of
Public Roads, and the U.S. Department of Housing and Urban Develop-
ment. The TRAN/PLAN programs perform the following functions,
(1) process data accumulated from inventories or surveys of exist-
ing transportation facilities, (2) caljbrate and analyze several
parameters for a regional cransportation network, and (3) predict
future intraregional transportation demands. The accuracy of
future estimates depends heavily upon the choice of a suitable
model, effective intermediate analysis-of-program output, and
iterative recalibration of model parameters. Reference 6 explains
the overall purpose of transportation planning systems in greater
detail.

3/70
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The TRAN/PLAN Package consists of the following subprograms1.

(a) RELINK
(b) NETWORK
(c) NETDVR
(d) MINPATH
(e) SKIM
(f) COLLECT
(g) TRPBLDR
(h) ADDER
(i) SPLITER
(j) UPDATE
(k) MERGE
(1) DEMERGE
(m) COMPRES
(n) SECTORS
(o) TRIPTAB
(p) TRIPEND
(q) GRAVITY
(r) FRATAR
(s) ASSIGN

CPACITY
(u) MODSPLT
(v) CAPRPT
(w) CPRSRPT
(x) COMPARE
(y) AVERAGE
(z) TIMESUM

(aa) TRPFREQ

Relink nodes of network
Build and edit network
Network report generator
Build minimum paths
Skim (summarize) tape of trees
Trip data collector
Build trip tables
Add selected trip tables
Split trips by direction
Update trip volumes
Merge trip tables
Demerge trip tables
Compress or expand trip tables
Select sector of network
Trip-table summary generator
Trip-end summary generator
Gravity model
Fratar expansion
Traffic assignment
Capacity restraint
Modal split model
Cross-reference historical-report generator
Historical-report generator
Statistical comparison of trip volumes
Historical-record summary-report generator
Time-table-report generator
Trip frequency distribution

Restrictions which apply to all programs,

1. the maximum allowed zone (centroid) number is 650
2. the maximum allowed node number is 3000
3. the maximum number of tables (purposes) is 4
4. the maximum table number is 4
5. a stacked table may contain a maximum of 8 merged tables

REFERENCES

Akers, C.E. and Gaupin, W.T., "User Manual Transportation Programs
for a CDC 6400 Computer," (The Florida State University Comput-
ing Center, November 1968; unpublished). Copies of this manual
are available through the Librarian, The Florida State University
Computing Center.

"Calibrating and Testing a Gravity Model for Any Size Urban Area,"
Bureau of Public Roads, Washington, D.C., October 1965.

4=6

2

1,86

continued
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ManuaZ Supplemerits for the Transportation Planning System, Highway
and Local Government Department of South Austrailia, Adelaide,
Austrailia, January 1966.

o Martin, Brian V., "Minimum Path Algorithms for Transportation
Planning," Research Engineer, December 1963.

0

"Modal Split," U.S. Department of Commerce, Bureau of Public
Roads, Office of Planning, December 1966.

Shofer, R. and Goodyear, F., "Electronic Computer Applications
in Urban Transportation Planning," Proceedings of the 22nd
National Conference, Association for Computing Machinery
Publication P-67, 1967.

Traffic Assignment ManuaZ, Bureau of Public Roads, Washington, D.C.,
June 1964.

Transportation Planning System for the ControZ Data 3600 Computer,
Data Centers Division of Control Data Corporation, Minneapolis,
Minnesota, May 1965.

Fratar, T.J., "Vehicular Trip Distributions by Successvie Approxi-
mation," Traffic QuarterZy, January 1954, pp. 53-65.
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NAME: (TRAN/PLAN) RELINK

FUNCTIONAL ABSTRACT

Relink takes as input, Type I Link Data Cards (see below) and re-
links the network so that the largest node number does not exceed
the maximum-allowed node number.

NOTES: The Link Data Cards must be Type I and have either CDC or
BPR format. The BPR format may be used only with a special control
card. For descriptions of other Link Data Card Types, see NETWORK
[000 0040(b)].

NODE NODE

11.14:i:111311

3/70

I NE

IST.

2 15 '1 '1

PsELD2

CDC Format

FIELD 2

Time urd

oa GPICzP
VEEP
XX4CA
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continued



.:7
"A

*0
1,

7r
ie

nr
..1

".
`e

s+
V

*,
q,

'"
-A

t.,
,k

,,;
"-

-,
-,

.
.

.

(r
)o

vo
o 

00
0

B
PR

 F
or

m
at

LI
N

K
.

N
O

D
E

A
N

O
D

E
z

ti.
Z

ia
6-

 -
In

a
F

IE
LD

F
IE

LD 2

A
V

G
.

M
IN

.
0.

00 O
R

S
P

E
E

D
00

0

A

F
IE

LD
F

IE
LD 2

A
ve

.
m

 IN
.

0.
00

O
R

S
P

E
E

D
00

 0

C
A

P
A

6T
Y

C
O

U
N

T

37
E

C
E

E
M

C
IZ

IE
C

I=
" 

49
50

 5
1 

E
IZ

E
:E

=
59

'
61

 6
2 

'
=

IM
O

C
O

L 
35

B
LA

N
K

 IN
D

IC
A

T
E

S
 A

O
N

E
-W

A
Y

 L
IN

'S

4

M
ot

o(
) 

00
0

a C
I 0



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0040(b)

NAME: (TRAN/PLAN)--NETWORK

FUNCTIONAL ABSTRACT

NETWORK converts a network description coded on Hollerith Cards
to a binary form to be used by succeeding programs,

eN
performs edits and error checking on the input data; and

0 computes, according to parameters provided, a cost for each link
o based on some amount per mile, plus some amount per unit time,

plus, perhaps, a flat additional cost.

The network description input includes the number of links, the
node coordinates, and the capacities/volumes for the links. The
output description can be specified in terms of time, distance,
or cost.

NOTES: 1. A maximum of four exits per node are allowed.

2. A maximum of (3000-MAKNODE)/5 two-way weave links are
allowed, where MAKNODE is the largest node number used.

3. A maximum of 250 turn prohibitions are allowed.

Link Data Card Types

Type I [see RELINK, 000 0040(a)]

..

.:

: NODE
..

3 4 / 7

i ODE

1 1 1 11 II

_

2 1311

INE
1ST,

.

1; 11 11 11

MIi

1 1

u AI i.111 FROM

u
QP,
2

31 31

CiP

z

13 71

SIFIIIS 2

Pep

4
I"
1 41

p
.2
'''

I 41

C141010

NOE

No.

Se SI 01 SI 31

CAPAC
ITY

:S.161141 SI 1;

COUNT

VOL .

11 11 54 15 11

*CAP .
til
a!

i1 61 11 10 II 12 13

OUNT .

VOL .

4 73 II /I 11 11 1

,2
60

c.2
vi 4

31 31

kilLP

To2 me
OK

SPE10
- )0(.10C

1133 11 40 41

'roma

41110
mirItg

42 41 44 41

la
3

-
u .1

1 22

TIO1
ok

10110
att

11 24 8 11

Tote
OKpro

mt.ted

21 II II 13

Type II: Turn Prohibition

The presence of Type II Link Data Cards will produce a non-empty
file on the network tape containing a table of prohibited turns.
The only program which will use this file is NETDVR [000 0040(c)]
which will print a summary of the tab...e. This file will be

continued
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EDUCOM

ignored by MINPATH [000 0040(d)] and ASSIGN [000 0040(s)] so that
it will be necessary to recode the prohibited turns in the format
specified by MINPATH when MINPATH is used.

BLANK c NO0
C AR 0 T YPE A k DD

0 ELJETR

FROM TVIROOGN TO
LEAVI4 EiLANK

NODE Nom NODE

1284111111"4"1111gInflnnunnunnymununnunnumununungommununnunnumununnummunnunnunumn

Type III: Link Counts and Node Coordinates

NODE

0
1 1 8 4 111

ot
))
I ,

1

)C

MAD
Ilu nun

Y

COO

Innom

NOD!
100

mnnun

44
)2

1

mn

W
Camp

N81$11334UMUNI1

Y 1.11ove

Catilltb ir

Ina**

31

IA

11nn

x

meD
munu

)( "'Nap;

owto *
'nun lanunionnieWn

1r lp.

11
is

X Y 1
abaft() COORID

'Inn Tappan

Type IV: Cost Update Cards

426

A

Ii

NODE

8451

B

NODE

lInm:nunnmolumnrmnnonnnmnuunnunnamenunnennumununnunnumununsuonnnununnunne

1.COST

1-1
XXIX

rel

If a negative cost is to be added, punch -YYYY (decimal point is
always understood as between Col. 16 and 17) blank in Col 14 is
understood to mean +. Do not punch the decimal point!

191
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C3
%...., MINPATH takes a network tape as input and reads as separate input,
0
.4-

turn penalties and an unlimited number of turns one wishes to
0 penalize or prohibit,0
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NAME: (TRAN/PLAN)--NETDVR

FUNCTIONAL ABSTRACT

NETDVR formats a network description and, optionally, a cost up-
date table, a capacity/volume report, and a node-coordinate list,
using the network tape as input.

NOTES: No more than four inbound links per node will be printed.

NAME: (TRAN/PLAN) MINPATH

FUNCTIONAL ABSTRACT

000 0040(d)

produces time and path descriptions for the minimum paths as des-
cribed by the options used; and

optionally produces a tape containing only path descriptions to be
used as input for the program ASSIGN [000 0040(s)].

The options for time/path descriptions include the production of
descriptive tapes and the printing of a minimum-path trace and a
time table for selected home nodes (time to each node).

0 NAME: (TRANS/PLAN) SKIM
0

0

00

000 0040(e)

FUNCTIONAL ABSTRACT

SKIM summarizes a tape of trees from each zone to all other zones

optionally adds terminal times to particular zones; and

optionally adds or replaces update times to particular zones.

'NOTES: Transit runs have not been implemented for SKIM.

3/70 9
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000 0040(f)

NAME: (TRAN/PLAN)- COLLECT

FUNCTIONAL ABSTRACT

COLLECT reformats origin/destination trip-survey data into a stan-
dard TRAN/PLAN system format; and

eliminates erroneously coded survey data.

The following types of surveys may be used: home, taxi, truck or
external survey. The survey includes the following information:
zone of origin and destination, purpose, mode of travel, starting
and arrival time, a trip factor, land use at origin.and destination,
and zone of residence.

000 0040(g)

NAME: (TRAN/PLAN) TRPBLDR

FUNCTIONAL ABSTRACT

TRPBLDR builds tables containing zone-to-zone

assigns to certain trips a trip-volume factor
criteria,

produces a tape containing the tables of zone-to-zone

produces a trip-end summary tape containing totals of
destinations, and intrazonal trips for each zone; and

optionally prints a trip-end summary.

The criteria used for selecting trips include purpose, mode of
travel, land and use at origin and destination, and both limits
on starting and arrival times.

trip data,

based upon selected

trip data,

all origins,

NOTES: The maximum number of criteria sets per table is ten.

continued
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000 0040(h)

NAME: (TRAN/PLAN) --ADDER

FUNCTIONAL ABSTRACT

0 ADDER adds selected trip tables to the volume tape from TRPBLDR
0 [000 0040(g)], GRAVITY [000 0040(q)], FRATAR [000 0040(r)] , or
0 MERGE [000 0040(k)]. Each table must contain the same number

of zones.

000 0040(i)

NAME: (TRAN/PLAN) --SPLITIR

FUNCTIONAL ABSTRACT

SPLITER divides the trips into and out of a zone based on the per-
centage given by the input parameter.

000 0040(j)

NAME: (TRAN/PLAN)---UPDATE

FUNCTIONAL ABSTRACT

UPDATE factors, adds to, or subtracts from zone-to-zone trip volumes
any specific volume over any range of zones.

NAME: (TRAN/PLAN) --MERGE

FUNCTIONAL ABSTRACT

MERGE accepts as input either a single tape in demerged format or
separate tapes containing a single table each, and produces a tape
in merged format. A stacked table may contain a maximum of eight
merged tables. :74%

000 0040(k)

*ref

continuo('
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000 0040(1)

NAME: (TRAN/PLAN) --DEMERGE

FUNCTIONAL ABSTRACT

DEMERGE produces one or more tapes in demerged format from an input
tape in merged format.

000 0040(m)

NAME: (TRAN/PLAN) COMPRES

FUNCTIONAL ABSTRACT

COMPRES is used to compress or expand the trip-table array by al
tering the zonal composition of the districts or by adding empty
districts. 0

NOTES: All zones must be assigned to some district. In the event
of a zone being assigned to more than one district, the last assign- m
ment will be used.

000 0040(h)

NAME: (TRAN/PLAN) SECTORS

FUNCTIONAL ABSTRACT

SECTORS selects zone-to-zone trips with production or attractions
in specified zone ranges,

sets all remaining zone-to-zone trips to zero; and

produces a tape which may be used for an assignment of trips to or
from a sector of the study area.

12
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000 0040(o)

NAME: (TRAN/PLAN)--TRIPTAB

0 FUNCTIONAL ABSTRACT
0
0 TRIPTAB takes a zone-to-zone volume tape or a skim-tree tape and

produces a summary table of each selected zone of origin.

0
NOTES: A stacked table may contain a maximum of eight merged
tables.

NAME: (TRAN/PLAN) TRIPEND

FUNCTIONAL ABSTRACT

000 0040(p)

0 TRIPEND reads a trip-end summary tape or a zone-to-zone volume tape

(in either standard or sorted format) and produces a table of the
0
0 number of origins, destinations, intrazonals, and total trips for
0 each zone.

000 0040(0

NAME: (TRAN/PLAN) --GRAVITY

FUNCTIONAL ABSTRACT
0

GRAVITY calculates future or synthetic trips by means of the gravity-
0
0 model distribution equation',
0 iterates to desired attractions (< 6: iterations),0

iterates travel times to trip length using origin/destination vol-
umes (< 3: iterations),

optionally produces a future zone-to-zone volume tape by purpose,

optionally produces a report of accessibility indices by zone and
by purpose upon completion of the first iteration,

optionally produces a report and punches the final travel-time fac-
tors,

3/70 13
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000 0040(q)

EDUCOM

optionally produces a graph of the trip-length frequency of the ,..

gravity model trips and the origin/destination trips, if any, a
a

optionally prints a report of the trip-length frequency tables, 0a
optionally prints a table of the final coefficients by purpose, .1.

a
optionally prints a trip-length comparison report by purpose; and

optionally prints a report of given attractions versus the computed
attractions by purpose.

NOTES:

A. The final travel-time factors (F-factors) in the gravity model
may be represented by the function F(t,p), where t is the time from
1 to 200 minutes and p is the purpose number from 1 to 4. There are
three possible ways in which the initial F-factors may be determined.

1. The F-factors can be read from F-factor Data Cards.

2. The F-factors can be defined for all purposes by the
equation

F(t,p) = 105/t2,

for all t from 1 to MAXTIME where MAXTIME is the maximum
time intended for the F-factors (< 200).

3. Four coefficients can be read from Coefficient Data Cards
for each purpose and the F-factors defined by the equation

F(t,p) = exp(C0 + C1Xt + C2Xt2 + C
3
Xt

3
),

for all t from 1 to MAXTIME.

B. The maximum number of districts is 100.

REFERENCES

1. "Calibrating and Testing a Gravity Model for Any Size Urban
Area," Bureau of Public Roads, Washington, D.C., October 1965.

14
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000 0040(r)

NAME: (TRAN/PLAN) FRATAR

FUNCTIONAL ABSTRACT

FRATAR expands trips by the Fratar method', optionally prints the
growth factors, total trip-ends and a trip-end summary, and produces
a future zone-to-zone volume tape with a report of future trip-ends
and final growth factors.

REFERENCES

1. Fratar, T.J., "Vehicular Trip Distributions by Successive Ap-
proximation," Traffic Quarterly, January 1954, pp. 53-65.

000 0040(s)

NAME: (TRAN/PLAN) ASSIGN

FUNCTIONAL ABSTRACT

ASSIGN.takes as input a network tape, a zone-to-zone volume tape,
and a path tape and assigns the trip volumes to the minimum path:
according to selected parameters,

optionally produces a link-volume report and a jurisdiction sum-
mary,

optionally produces a turning-movement report; and

optionally produces a loaded-network tape.

Parameters include percentage of trip volumes to be loaded and the
designation of freeway nodes.

NOTES: Turning volumes may be recorded at those nodes which are
not centroids. The maximum trip volume per one-way link is
65,535.

090 0040(t)

NAMF: (TRAN/PLAN)--CPCITY

FUNCTIONAL ABSTRACT

CPCITY updates the time file on the network tape according to the
capacity-restraint formulal; and

prints a summary of the updated time file.

3/70 15 continued
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poo 0040(t)

Either measured volumes or capacities may be used for the update
calculations.

REFERENCE

1. Traffic Assignment ManuaZ, Bureau of Public Roaas, Washington,
D.C. , June 1964, pp. V18V21.

000 0040(u)

NAME: (TRAN/PLAN) MODSPLT

FUNCTIONAL ABSTRACT

MODSPLT has not been fully implemented at this time.

000 0040(v)

NAME: (TRAN/PLAN) CAPRPT

FUNCTIONAL ABSTRACT

CAPRPT takes loaded network tapes from ASSIGN [000 0040(s)] as in-
put and prints an historical report of the assigned volumes by link
and reverse link, with the average volume assignment for each link.

If no cross reference is desired, the program CPRSRPT [000 0040(w)]
must be used.

16
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NAME: (TRAN/PLAN) CPRSRPT

EDUCATIONAL INFORMATION NETWORK

000 0040(w)

0 FUNCTIONAL ABSTRACT
0
0 CPRSRPT takes loaded network tapes from ASSIGN [000 0040(s)] as in-
0 put and prints an historical report of the assigned volumes by
0 link, with the average volume assignment for each link.0

No cross reference is provided by CPRSRPT. If one is desired, the
program CAPRPT [000 0040(v)] must be used.

000 0040(x)

NAME: (TRAN/PLAN) COMPARE

0
FUNCTIONAL ABSTRACT

0
0 COMPARE conducts a statistical volume comparison of two binary-trip
0 tapes or two loaded-network tapes,0
0 optionally prints a table of individual volume differences for the

tapes, and

prints a series of tables of frequency distributions and analyses-
of-volume differences according to given volume groups.

NOTES: The maximum number of volume or difference groups is 20.

REFERENCES

For a further discussion of COMPARE (PR-124), see chapter V and
A-18ff of "Calibrating and Testing a Gravity Model for Any Size
Urban Area," October 1965 and 111-74 of the Traffic Assignment
Manual, June 1964 by the Bureau of Public Roads.

continued
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000 0040(y)

NAME: (TRAN/PLAN) --AVERAGE

FUNCTIONAL ABSTRACT 0
0
.p.

AVERAGE prints summary reports of specified files based on the 0
average of the volumes and times from the input tapes. q

....,

The files are from historical-record tapes from ASSIGN [000 0040(s)].
Output consists of a required jurisdiction report, optional link-
volume reports, and turning-movement reports.

000 0040(z)

NAME: (TRANkRLAN)--TIMESUM

FUNCTIONAL ABSTRACT

TIMESUM selects any zones from an input tape and prints a time
table of the travel times from each zone to all other zones if any
times are greater than a specified maximum time.

The selection of the zones to be summarized is identical to the
method used in COMPRES [000 0040(m)].

000 0040(aa)

NAME: (TRAN/PLAN) TRPFREQ

FUNCTIONAL ABSTRACT

TRPFREQ prints a trip-frequency distribution and a distributional
histogram of interzonal-travel time versus trips.

18 3/70
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000 0040

0 USER INSTRUCTIONS0
0 Information concerning the preparation of data and subprogram

0 usage can be obtained by consulting the reference listed below.
0

REFERENCES

Akers, C.E. and Gaupin, W.T., "User Manual Transportation Programs
for a CDC 6400 Computer," (The Florida State University Comput-
ing Center, November 1968; unpublished). Copies of this manual

are available through the Librarian, The Florida State University

Computing Center.

3/70 19
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000 0040

o SAMPLE INPUT/OUTPUT
0
0 A sample output for a 30-zone, 1262-node transportation study

(approximately 300 pages of output) is available at the EIN
0
0 office. Those interested may refer to this copy or may order

a copy at the cost of reproduction and mailing.

3/70 21
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000 0040

COST ESTIMATE
0
0 It is not possible to estimate the cost of a run of the TRAN/PLAN
0 package owing to the number and variety of subprograms and op-

tions. The rate for use of the TRAN/PLAN package is set at $400/0
computational unit (sum of central- and peripheral-processor time
in hours). As a very rough guide, a sample run for a 30-zone,
1262-node transportation study (approximately 300 pages of output)
required approximately two minutes of central-processor time and
eleven minutes of peripheral-processor time.

Approximate charge to user = computer time + consulting and handling
+ network overhead

= $87.00 + $7.50 + network overhead

CONTENTS TRAN/PLAN

pages

1-18 Identification & Abstract
19 User Instructions
21 I/0
23 Cost--Contents

3/70 23
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000 0041
(ac)

DESCRIPTIVE TITLE A Package of Three FORTRAN Programs for
Computerized Assistance in the Instruction
of Beginning and Remedial Reading and the
Evaluation of Such Instruction

CALLING NAME DOVACK

(a) DOVA; (b) DOVB; (c) REPORT

INSTALLATION NAME Computer Center,
The Florida State University

AUTHOR(S) AND
AFFILIATION(S) Florine Way, Project Director,

ESEA Title III, Jefferson County, Florida,
Board of Public Instruction

LANGUAGE FORTRAN IV

COMPUTER CDC 6400

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT William Petty, Computer Center,
The Florida State University,
Tallahassee, Fla. 32306
Tel.: (904) 599-3418

FUNCTIONAL ABSTRACT

DOVACK is a program package for accepting unstructured student dic-

tations as input and returning these dictations in a structured

form for study by the student of his own individual vocabulary.

Each distinct English word is separated from the text of the dicta-

tion and listed alphabetically for comparison by the student of the

word in and out of context. Each student's vocabulary is retained

in a permanent file that is updated each time a new dictation is

entered. Random-sample vocabulary-recognition tests may be pre-

pared at the user's option from the individual student's vocabulary

list. Punched-card information is provided at test time for use

by the instructor in evaluating the success of the instruction.

To facilitate the use of the program from the instructional site

via remote terminals, the tasks are broken into three segments,

each handled by a separate program.

(a) DOVA

...scans the unstructured dictations, echoes them with numbered

continued
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000 0041
(a c)

c
lines, breaks the text into separate English words, alphabetizes
and formats the word lists. The word lists, word frequency of oc-
currenceland location (line number) in the dictation are passed to
DOVB via magnetic tape. 4=.

1.4

(b) DOVB

...merges each student's word list with the permanent files kept
of the student's vocabulary. Two files are kept, one permanent
(tape 1), the other semipermanent (tape 2). Random-sample vocab-
ulary-recognition tests for the student group may be given from
either file (or both). When a test is given from the semipermanent
file, the file is erased, thus providing the capability of testing
only over new words used since the last vocabulary test. The num-
ber of words on a test is determined by the formula N/[1.+(N-1.)/40.1,
where N is the total number of distinct words dictated. When tests
are given, cards are prepared containing information on each stu-
dent's vocabulary for use by REPORT.

(c) REPORT

...accepts the punched cards from DOVB, augmented by results of
tests from the instructor and summarizes the instructional results
in terms of new words learned by the student.

2
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000 0041

(b)

DOVB USER INSTRUCTIONS

Input

Tape from DOVA and permanent file tapes. (These tapes should be
empty initially.)

Output

DOVB generates new permanent tapes. The Output to the user is the
random-sample vocabulary-recognition tests and associated punch
cards (if tests were requested).

4

ap-07

continued
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DOVA USER INSTRUCTIONS

° Input
a
a
a

000 0041
(a)

The first line on the input card should contain the test requests
to be transmitted via tape 10 to DOVB. If a test is to be pre-
pared from the intermediate tape, type YES in Cols. 1-3. If a
test is desired from the permanent tape, type YES in Cols. 4-6.
Any other entry on line 1 is ignored. Following line 1, the stu-
dent dictations appear. The first line of each dictation contains
a 6-character identification, a dictation number, and the student's
name, separated by commas. On successive lines, the dictation is
typed. The end of the dictation is signaled by *END any place on
the line.

Output

Output to the user is in the form of echoed dictations, with lines
numbered, followed by an alphabetized list of the distinct words
occurring in the dictation and the line number of their first oc-
currence.

Output on tape is in the form of word lists, with line number, fre-
quency of occurrence, and dictation number associated with each word.

8/69 3
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000 0041
(c)

d' REPORT USER INSTRUCTIONS
0 Input
0
0 Punched cards from DOVB, with the additional information from the
0 instructor added to the cards.

(a) Class card

(b) Student card

Columns

1-20
21-26
27-32
33-42
43-52
53-55
56-60
61-65
66-70
71-80

FieZd

1

2

3

4

5

6

7

8

9

10

Content

number of students in class
date of report

Content

student name
student identification
not used
total number of English words used
total number of distinct English words used
number of class periods present this test cycle
number of dictations made this test cycle
number of words on RSVR test
number of words correctly read from test
date ending student's test group

Note: Fields 1, 2, 4, 5, and 8 are punched by DOVB. Other fields

must be added by instructor.

Output

For each class, the following output is prepared.

(a) student summary report for each student in the class
(b) class summary report
(c) plot of total words used versus total distinct words used

(type/token ratio) against RSVR scores
(d) histogram of the estimated number of new words learned by the

students in this test-cycle period
(e) histogram bf the total number of new wcrds dictated in this

cycle

The following data restrictions should be observed.

Maximum number of students: 1000
Maximum number of words per dictation: 2000
Line length in dictations < 60 characters

8/69
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000 0041
(c)

Maximum English-word size: 20 characters
Maximum dictation number: 999
Maximum student-name length: 20 characters
Identification length: 6 characters

6 1....)10
8/69

o00
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;It ,'"; SAMPLE INPUT (TO DOVA)
c,

10. ! L11-,y vcA

oPw f 1.4E10: LIVE() THHLE.XEARS.....MITHULSEAst.
FA' ?OA:). THE m0THEw HEAP Cnnicfn SOME
s! , it II pc tne) iOT hn THE 'HITHER HEAP SAW LETIIS

A *AL" u4TI1 oi THI..11( ITsS usnUI rni.n, THEN
OnolL)CKS CAME Hy, SMF SO IN THE Hit, FATHER riEAR CHATR
HO IT *AC Tnn Hpall. SHE SOT IN THE s'nl'HER HEAR CHAIR PUT

Y1AS .SOFT. HE SOT IN THEAWAY SLAP roam Akin t y

wAS jUSI ;HE HUST IT ALL UP. nooTLOCKS wENT IN
THF.HEOPonm ANI. SHE LAIO IN THE EATHEH HEAR HEN HUT IT
wAS TOO HAHN CHF 1A10 IN THE MATHEW mEAR PEN HuT IT
wAS TOO soFT, sHE LAM IN THE HAHN, HEAP RED. ANU I ' WAS
JUST RIGHT. sHF WENT Tn SLEEP. THF THREE LITTLE HEARS
.CLAH.LAIAC.K. THE. FATAH HEAR SLID SattiEKO1IYAS__KEFA-54-ILIA4-1-N
MY CHAU.). THF HOTHFH HEAP SAIO SOMFHOOYAS HFFN SITTING TY
my rHATP. THE EtAco 4E1%0 SAW SOHEAOUY*S PEEN ,ATTING IN
my f;mAIP ANn H010CF IT ALL UP. THE FATmfP HEAP SAIn snwrimy
HAS HEEN LAYING It, m1 HEN THE MOTHER PEAR SAID SOL.FHMMY
HAS KEEN 1AYTN6 IN mY HFD. THE MANY HFAR sAtn SUmEMODY HAS
HEEN LAYINGAN MY IAN ANU HERE SHE 1-4,---C114-1114.nekt-S-IducS
UP AND CHF RAY nOT THE no0H.

8/69
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UUU UU4I.
(a)

SAMPLE OUTPUT (FROM DOVA)

RUBY SUBROOKS
wwwww44 nICTATION

I wwwwww

aNCE UPON AJIBE THERE Ilk/En THRFF HEARs. MOTHER (wen. 4.FATHEP HEAR. AND RAO' HEAR. THE MOTHER REAP COOKED SOME
$0u0 _Einin IT wfis TOO HOT, SO THE MOTHER BEAR SAID LETOS 3
On ON A WALK UNTIL wE THINK IT*S ABOUT ent,n, THEN 4
GOLDILOCKS CAME BY. SHE SOT IN THE BIG FATHER_BEAR CHAIR
HuT TT *AS Ton POPO. SHE snT TN THE mnTHER HE4P CHAIR AuT 6
IT WAR TOn ROEL. bliELADIT_INL/HE NARY REAR ekeIR AWL-II
WAS JUST PIGIO, SHE MUST TT ALL J. GOLDILOCKS WENT IN
ThE BEDROOM AND SHE LAID IN THE FATHEH HEAR RED, BUT /T
WAS TOO HARD, itlp LAID IN THE MOTHER HEAR PEN HUT IT 10
WAS. TOO SOFT. SHE LAID IN THE woo BEAR BEN_ANU_ITWAS VI:
JUST RIGHT. sHF wENT Tn SLEEP. THF THREE LITTLE HEARS '7
CAMP meek. Twr Fet.THEK HEAR se/O SOmFmnrweS BEEN_ cITTINO TU 44my CHAIR. 1.4F mOTHE HEAR SATO snmEmmr*s REFN STTTING IN 14MY CHAIR, THE BABY HEAP SAID SOMEBOUYOS BEEN SITTING_IN LSMY cKATP iNn mRoliF. TT ALL UP. THF FATHER HFAR SAID Sn4FRODY 16
HAS BEEN LAYING IN mY BED. THE MOTHER REAR SATO_SOMEHOOY .7
HAS KEEN LAYING IN mY RED. THE ReHy HEAP slim SOMEBODY HAS IR
01.FNJ AyING IN mY HEN Am foul SW LS. G040.4.4CKSm0Kg VW
UP AND SHF PAN OUT THE DOOR,

WORD LINE WOW LINE wORn..... ..LTNT

A
I HAW) 6 SLEEP I

AHOU1 4 HAS iT SO 1
ALL k HERE 19 SOFT 7AND 1. Hoy

';', g14:40DY
7HMO P IN iA

H ACw 11 IS 19 ROMFKonyes aREAP
1 TT : SOT R

BEADS 1 ITOS 4 snup 3
BED I, JUST ol THE ?
HEDROOm LAID 9 THEN 4
4FEN 13 LAYIN6 17 THERE 1

Bki il LEILS_ 3 THINK i
B ROKE Th LITTLE 1; THREF 1BUST 8 LIVED 1 TIMF I
NUT , MOTHER I TO 17
BY .-, MY 14 TOO 1CAME 6. ON 4 UNTTL 4
CHAIRo 7 10 uPoN

a
Co 4 OUT

ICOOKED ? HAN 20 WALK A
Dnn0 20 RIGHT 8 KAS 1FATHER

:-) SAID 3 wE 4no SHE 5 wENT A
GOLDIlarg k SITILNk 13 JOKE 14

8

1.1Co
011

,.3

EDUCOM
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4
rieN
et SAMPLE OUTPUT (FROM DOVB)

CD
TwESF ARV SIX OM, 1)M/14 ILSTi

CD
CD
CD

JUAN mISSFLL

I. A

te. A.

3. eit.1TE14

4o CAME

4. ULOATF

LIfEllY

f. WUMOTWFP

a. HAT

1

14. JEkkY

11. Liwu014

le. MEM0ER

13. NFVEN

14. UN

Ilo PINTS

130 SAA

If. 5151EPA

14. Shorty

14. THEM

4o fULD

21. AAS

ilomY
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000 0041
(c)

SAMPLE OUTPUT (FROM REPORT)

ANTHONY FEACHER IN GRAOE 05
PUPIL RHOWRES5 REPORT FOR THE 80OAY CYcEE ENDING 2;48069

5

.20

12.80

1. NO. CLASS PERIODS (CP) PRESENT THIS 8-DAY CYCLE

2. AVERAGE NO. OF DICTATIONS PER CP PRESENT

3. AVERAGE NO. OF WORDS DICTATED PER CP PHESENT

4, AVERAGE NO. OF NEW WORDS DICTATED PER CP PRESENT 7.40

5. TYPETOKEN RATIO (wNO. DISTINCT WORDS/TOTAL NO, WORDS DICTATED) .58

6. NO. WORDS ON RANDOM SAMPLE VOCABULARY RECOGNITION (RSVP) TEST 15

T. NO. WORDS CORRECT ON RSVR TEST 14

8. ESTIMATED PER CENT 0' HIS OWN NEW wnRc4, PUPIL LEARNED 93

9. ESTIMATED NO. OF HIS OWN NEW WORDS PUPIL LEARNED 35

10. ESTIMATED RATE OF LEARNING NEW WORDS (PER CP)

GRADE 06
CLASS PROGRESS REPORT FOR THE 8-DAY CYCLE SERIES ENDING

TOTAL HIGH LOW RANGE MEAN SD

I. NO. fLASS PERIODS PRESENT 172 6 4 2 5.73 .51

2. NO. DICTATION5 40 4 1 3 1.33 .75

3. NO. WORDS DICTATED 7488 830 15 815

,

249.60 225.08

4. NO. NEW WORDS DICTATED 2704 212 10 202 50.13 54.48

b. TYPE-TOKEN RATIO 1481 84 12 72 49.37 16.32

be NO. WORDS ON NSW! TEST 552 23 8 15 18.40 3.53

T. NO. WORDS CORRECT ON RSVR TEST 480 22 1 21 16.00 4.43

O. ESTIMATE PERCENT NEW WORnS LEARNED 2009 100 7 93 86.97 19.04_

Ye ESTIMATE NO. NEW WORDS LEARNED 2364 203 2 201 78.80 51.44

10. ESTIMATE NATE LEARNING NEW WORDS 413 41 0 41 13.77 5.11

10

'514
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A PLOT nr; VOLATOAFN mATIOS AGAINST mSvo SCORES FOR 914A0E_01'. _0072t

rof-InKEN NATTn P 100

1.0

14

07

1 0
30
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000 0041
(c)

, 7
01

25
0912

11 21
07. m

24

Oa

en

12

1109 04

13 84
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000 0041
(c)

H1STuGwAm UF THE TOTAL No,liEw W to.w wOrtub UTCTATEU THIS CYCLE
(STUDENT POjTION INOICATEU UY TD1

3 tl

1

14 9

25

21

13

7 e3 it 12 04 3 14
8 20 30 2$ 10 11 IS 26 I 12 5 24 29 25 4

10 21 32 43 54 65 76 d7 90 11V 120 141 142 153 164 175 106 197 208 21'

MEAN. 9013, MEDIAN. 72. STANUAPD DEVIATION 54.40

wISTOGRAP OF THE 'ESTiMATEn NUM8EP OF NEw 1117040S LFARNED THIS CYCLE
(STUDENT POSITION INDICArk0 Sy IU) .

e..

13bob. 44

11

. 2-3 11 24
22 14 7 30 24 IA 12 ..16 1 12 5 29 9 25 4

0 ee s5 4 Win"), '' :44 **4V11611115114516411,41/V111314:1111/

12

EDUCOM

CD
CD

8/69



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0041
(ac)

gy COST ESTIMATE

°,1!" The amount of memory required to run DOVA is 45,0008 words and that
2, for DOVB is 63,0008 words, thereby causing computer charges to be
o calculated at the rate of $150./computational unit (hour). The

typical time for a complete DOVACK run is about three minutes (real
time); however, the amount of time varies with the length of the
dictations and the number of dictations for the run. Also, as
DOVACK private files become longer, DOVB takes an increasingly
greater length of time to run.

Therefore, for a run of 3 minutes,

Approximate charge to user = computer time + postage, handling,
and consulting + network overhead

= $7.50 + $7.50 + network overhead

= $15.00 + network overhead

CONTENTS

pages

1,2
3-6

7-12
13
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FORTRAN Program for Computing a Full Set
of Canonical Correlations Relating Two Sets
of Measurements

CANON

University of Pittsbure

William W. Cooley, Department of Education-
al Research, University of Pittsburgh

Paul R. Lohnes, Department of Educational
Psychology, State University of New York,
Buffalo

FORTRAN II

IBM 360/S0
IBM 7090

Decks and listings presently available

Mr. John Nold, Assistant Director for
Services, Computer Center, University of
Pittsburgh, 800 Cathedral of Learning,
Pittsburgh, Pa. 15213
Tel.: (412) 621-3500 ext. 7185

FUNCTIONAL ABSTRACT

CANON is a FORTRAN II program that may be utilized for studying
the interrelations between two sets of measurements made on the
same observational units. Thus, the user may use the routine to
test general hypotheses that suggest that relationships exist be-
tween two sets of variables. The canonical correlation is the
maximum correlation between linear functions of the two sets of

variables. Since more than one linear combination of each of the
two sets of variables is often possible, the program successively
computes pairs of functions subject to the condition that each is
orthogonal to all other functions derived from its set of measure-
ments.

The analytical method employed involves the partitioning of the
matrix of intercorrelations (R) of the variables into four subma-
trices.

10/70

(1) R the intercorrelations of the predictor variables
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(2) R the intercorrelations of the criteria variables
2 2

(3) R the intercorrelations of the predictor variables

12 with the criteria variables
(4) the transpose of R12

The four submatrices are then substituted into a canonical equation,
the solution of which involves finding latent roots that are func-
tionally related to sets of weights that maximize the correlation
between the derived canonical variates.

CANON operates on data cards that contain the full correlation ma-
trix (upper triangular) of order M = Ml + M2, where Ml is the num-
ber of variables in the left set and M2 is the number of variables
in the right set. It is immaterial as to which set represents the

predictors or criteria, the only requirement being that M2 < Ml.

CANON reproduces the full correlation matrix that was used as in-

put. In addition, it provides the canonical weights for both pre-

dictor and criteria variates, and the factor structures (correla-
tions between each canonical factor and its associated variables)
for both sets of canonical factors. Also included are measures of

redundancy (the proportion of variance in one set of variables ac-
counted for by the second set of variables) between the two sets
of variables, each set given the other.

The Bartlett procedure for testing the significance of canonical
correlations using chi square is provided. In addition, X2 tests
with successive roots removed are provided in the event that the
null hypothesis can be rejected.

REFERENCES

Cooley, W. W., and Lohnes, P. R., Multivariate Procedures for the
Behavioral Sciences (John Wiley & Sons, Inc., New York, 1962; to
be republished in 1969).
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USER INSTRUCTIONS

Data-Format Regulations
0
0 The two sets of variables (hereafter denoted the left and right

sets) have M1 and M2 variables, respectively. In addition to the

requirement that M2 < Ml, a further restriction is that Ml+M2=M <

100. Thus, the full correlation matrix that is input to the pro-

gram may not exceed an order of 100. Large jobs (M>20) are batch-

processed, using an IBM model 7090. Jobs of lesser magnitude (4

< 20) are processed using the IBM model 360/50 with the Pitt time-

sharing system. Runs meeting the specification for processing us-

ing the 360/50 are likely to have a considerably shorter turnaround

time.

A. Deck Setups for Submission to the IBM 360/50 (M 20)

Control cards for each run are to be punched as follows.

Cards

1. Dataset Creation--This card is punched beginning in
Col. 1 in the following form.

$$CREATE DSNAME.

DSNAME is any set of 8 or fewer letters and/or inte-
gers, with the restriction that the first element of

the set must be a letter. DSNAME must be a different
set of characters for each unique submission.

2...N. The Full Correlation Matrix--Cards 2N contain an
order-M matrix of intercorrelations between the M1 and

M2 variables and should be punched according to the
format that the user provides as requested later in

this section.

N+1. End-of-File cardThe final card of the data deck
is punched beginning in Col. 1. The card contains
the single word ENDFILE.

continued
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Thus, the program deck for the short version (M < 20) of CANON
should appear as follows.

N+1

r
.

6.11 Matrix .
.

R Matrix
Ni

$$CREATE DSNAME 1

To execute this version of CANON, the following information must
be provided along with the dataset specified above.

(1) M1 number of variables in the left set

(2) M2 number of variables in the right set

(3) n number of observations

(4) the variable format for entering the correlation ma-
trix. The format specifies the column locations of
the data to be entered. Since the correlation matrix
was punched according to a specific format in the cor-
relation program that produced it, the format is al-
ready available to the user.

B. Deck Setups for Submission to the IBM 7090 (M > 20)

Control cards for each run are to be punched as follows.

" yeaFab. Cards

1-10. Comment Cards--Columns 2-80 of the first 10 cards
are reserved for any comments that the user may wish
to head his printout. If no comments are desired, 10
blank cards are required.

4

'521

continued
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11. Problem Card

Columns Contents

1-2 M1 number of variables in left set
3-4 M2 number of variables in right set
5-9 n number of observations

12. Variable-Format Card for Correlation Matrix This for-
mat card specifies the column locations of the cor-
relations contained on the input matrix. Since the
correlation matrix has been punched according to a
specific format by the program in which it was pro-
duced, the format is already available to the user.
The latter format should be punched within parenthe-
ses beginning in Col. 1. For example, (10X,7F10.7)

13.... N. The Full Correlation Matrix--Cards 13N contain
and order M matrix of intercorrelations between the
M1 and M2 variables and should be punched according
to the format punched on card 12 above.

Thus, the program deck should appear as follows.

Correlation Matrix. N

4/Correlation Matrix 13

Variable-Format Card 12

Problem Card 11

i,Comment Card

rComment Card

5

10

1
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SAMPLE OUTPUT

>$$size 48000.
>Woad d canon(t16wwc).
LOADING STARTS AT LOC 060200

CANONICAL CORRELATIONS, 29 APRIL 1969

SUPPLY THE NUMBER OF VARIABLES IN THE LEFT SET(2 DIGITS)
> 8

SUPPLY THE NUMBER OF VARIABLES IN THE RIGHT SET(2 DIGITS)
> 4

SUPPLY THE NUMBER OF OBSERVATIONS (3 DIGITS)
>234

TYPE THE NAME OF YOUR CORRELATION MATRIX
DSNAME=>rmat(163rkf)

DO YOU WANT THE CORRELATION MATRIX PRINTED?
>no

LEFT SET CANONICAL WEIGHTS, COLUMNWISE
1 0.588 -1.549 -1.231 -1.143
2 0.112 1.833 0.536 0.022
3 -0.185 0.262 -1.143 0.703
4 -0.288 -0.208 0.507 0.089
5 0.225 -0.341 0.236 0.699
6 -0.043 -0.113 0.295 0.163
7 -0.245 0.210 -0.142 -0.808
8 0.703 0.263 0.842 0.327

RIGHT SET CANONICAL WEIGHTS, COLUMNWISE
1 -0.166 0.646 -0.176 0.765
2 0.809 -0.592 -0.429 0.357
3 -0.184 -0.126 0.990 0.298
4 0.442 0.677 0.484 -0.549

8

5 2 4

continued
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FACTOR STRUCTURE FOR LEFT SET. COLUMNS ARE CANONICAL FACTORS. ROWS ARE TESTS.

CD
CD 1 0.885 0.065 -0.204 -0.240

0 2 0.731 0.509 -0.047 -0.140

CD 3 0.530 0.358 -0.578 0.253

CD 4 0.585 0.269 0.072 -0.052

5 0.672 -0.059 0.071 0.276

6 0.525 -0.059 0.144 -0.137

7 0.337 0.271 -0.117 -0.472

8 0.880 0.178 0.001 0.008

FACTOR VARIANCE EXTRACTED REDUNDANCY

1 0.444 0.252

2 0.072 0.008

3 0.053 0.002

4 0.058 0.001

TOTAL VARIANCE EXTRACTED FROM LEFT SET = 0.627

TOTAL REDUNDANCY FOR LEFT SET, GIVEN RIGHT SET = 0.263

NOTE THAT ALL VALUES ARE PROPORTIONS.

FACTOR STRUCTURE FOR RIGHT SET. COLUMNS ARE FACTORS. ROWS ARE TESTS.

1 0.077 0.648 -0.128 0.747

2 0.879 -0.251 0.009 0.406

3 0.050 -0.280 0.850 0.443

4 0.704 0.587 0.289 -0.276

FACTOR
1

2

3

4

VARIANCE EXTRACTED
0.319
0.226

0.206
0.249

REDUNDANCY
0.181

0.025
0.008
0.004

TOTAL VARIANCE EXTRACTED FROM RIGHT SET = 1.000

TOTAL REDUNDANCY FOR RIGHT SET, GIVEN LEFT SET = 0.217

continued

6/69
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NOTE THAT ALL VALUES ARE PROPORTIONS.

WILKS LAMDA FOR TOTAL SET = 0.3656193

CHI SQUARE FOR TOTAL = 228.9019928

N.D.F. = 32

CHI SQUARE TESTS WITH SUCCESSIVE ROOTS REMOVED

ROOTS REMOVED CANONICAL R R-SQUARED CHI-SQUARE N.D.F. LAMDA PRIME

0 0.7530 0.567 228.90 32 0.3656

1 0.3298 0.109 38.46 21 0.8445

2 0.1954 0.038 12.26 12 0.9475

3 0.1218 0.015 3.40 5 0.9852

M:END OF JOB
>

10 526
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c.3

COST ESTIMATE
0 Unfortunately, exact figures for the time used by the job listed
0 on the Sample Input are not available. As an approximate guide,

the typical CANON job uses between 1/2 and 2 minutes of computer
time. At the current rate for the University of Pittsburgh time-
sharing facility ($247./hr.), the approximate cost to the user
is $4.12.

Charge to user = computer time + network overhead

= $4.12 (estimated) + network overhead

CONTENTS CANON

pages

1 2 Identification & Abstract
I 5 User Instructions
7-10 I/0

11 CostContents

10/70 11
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Program for Analysis of Linear Systems

PALS

Vogelback Computing Center,
Northwestern University

Dr. James Van Ness
Electrical Engineering Department,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represen-
tative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

11:
FUNCTIONAL ABSTRACT

PALS is actually a series of subroutines combined into one large
main program for (1)forming the differential equations of a linear
system in matrix form, (2)finding the eigenvalues of the coeffi-
cient matrix of the differential equations, and then (3)either com-
puting the loci of the eigenvalues as individual or groups of par-
ameters are varied, finding the eigenvectors of the coefficient
matrix, or finding the sensitivities of the eigenvalues to the par-
ameters of the system.

Although PALS was developed initially to study the load-frequency
control of a large power system, it is presently written in a
general form to make it applicable to many types of systems. The
system to be studied may be described in terms of a block diagram
or by sets of equations. The method of forming the coefficient
matrix of the differential equations from this general input is
described in Ref. 1. The only restriction is that the system must
be representable by a set of linear differential equations wIth
constant coefficients. Many nonlinear systems, such as the power
system, can be studied for small deviations about an operating
point by linearizing the system of equations about that operating
point.

8/69 1
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The accuracy of PALS is dependent on the accuracy of the method
used to find the eigenvalues and the eigenvectors of the coeffi-
cient matrix of the differential equations. Fortunately, the meth-
ods that have been chosen have proven to be very satisfactory. The
QR transform developed by Francis2 is used to find the eigenvalues
and is described in Ref. 1. The eigenvectors are found by an in-
verse-iteration method based on a method described by Wilkinson.3
After finding the eigenvectors, the program corrects the value
found for the eigenvalues by using the Rayleigh quotient. The
change in the eigenvalues is insignificant in most cases, but in
the few where the accuracy of the QR transform is poor2 the error
is corrected at this step. The inverse-iteration method and the
Rayleigh quotient also are described in Ref. 1.

PALS provides two methods of studying the effect of narameter chang-
es on the system eigenvalues. The first is essentially the well-
known root-loci approach. Any of the parameters in the system may
be incremelited through a series of steps, and the resulting change
in the eigenvalues will be plotted on a complex plane. The second
method finds the sensitivities of specified eigenvalues to the par-
ameter (the derivatives of the eigenvalues to individual or groups
of parameters). The sensitivity method thus gives the slope of the
eigenvalue locus at a given point. It has the advantage of enab-
ling the user to determine quickly which parameters are important
in a given situation. However, the complete locus of the eigenval-
ue is needed to determine the effect of the parareter over any range
of variation. The eigenvalue locus is found by actually increment-
ing the parameters, whereas the sensitivity is found by using the
method described in Ref. 1.

Two versions of PALS are currently being maintained on the CDC 6400
computer. PALS1 is dimensioned for systems up to the 500th order;
PALS2 is a simpler version for smaller systems, usually less than
100th order. The actual limits on each of these programs are given
in Ref. 1.

REFERENCES

1. Van Ness, J.E., "PALS A Program for Analyzing Linear Systems,"
Northwestern Univ. Dept. Elec. Eng. (Mar. 1969). Available
from EIN for the cost of duplication and mailing.

2. Francis, J.G.F., "The QR Transformation," Computer J. 4, 265
271 (Oct. 1961); 5, 332-345 (Jan. 1962).

3. Wilkinson, J.H., The Algebraic Eigenvalue Problem (Oxford Uni-
versity Press, London, 1965).

2

529
8/69



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0043

Isr)
ot USER INSTRUCTIONS

RALS will accept four types of jobs:

Job Type 1--finds the eigenvalues of the system and plots them on
the complex plane. This is the first step of all four
job types, but, if only Job Type 1 is specified, it is
all that is done.

Job Type 2--finds the loci of the eigenvalues as certain specified
parameters are v..ried. The increment given for each
parameter is adde at each step and the eigenvalues
for the modified system found. Any section of the com-
plex plane can be plotted to show how the eigenvalues
in that section have moved.

Job Type 3--finds the derivatives of the eigenvalues with respect
to the system parameters, the sensitivities of the sys-
tem. The eigenvalues and the parameters to be consid-
ered are specified in the input data.

Job Type 4--finds the eigenvectors of both the regular and trans-
posed system matrix for specified eigenvalues and stores
them with the eigenvalues on a tape. This information
can then be used for other studies of the system.

For any given job, the data can be considered to be in two parts.
The first part describes the system to be studied and is common to
all job types; it is all that is needed for Job Type 1. For Job
Types 2, 3, and 4, a second set of data is needed to specify the
eigenvalue loci, the sensitivities, or the eigenvectors to be found.

Base Data

Data-Identification Card

Any number of sets of data may be processed in one computer run.
Each set of data will have as its first card a Data-Identification
Card punched in the following format.

Columns

1-30 An identifying name that will be reproduced on the out-
put listing

33 Job Type number (1, 2, 3, or 4)

36 Print control a 1, 2, or 3 punch, meaning the follow-
ing.

1 (or blank, or zero) : print only the identifying name
and thr results continued

8/69 3
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2: add to the printing under 1 the list of the state
variables and the variables of constraint

3: add to the printing under 2 all of the input data

Naming the Variables

The first step in preparing the data is to assign names to all of
the variables on the system. One to six alphanumeric or special
characters may be used (except for the plus and minus signs).

Each variable is defined either by being the output variable of one
of the five standard transfer-function blocks or by being on the
left hand of the equals sign in one of the equation inputs. Each
variable must be defined once and only once. The BCD fields de-
scribed below on the input cards for these names are free-format
fields.

Input for Standard Blocks

The first five types of input are the standard transfer-function
blocks; these are shown in Table I along with their card formats.
A decimal point should be punched with the data, but the exponent
(such as in E 10) is not needed.

TABLE I. Standard function blocks with card formats.

STANDARD BLOCKS

Type 1

Type 2

Type 3

Type 4

Type 5

Types 1-5

Input Output

continued
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FIRST-CARD FORMAT

c) Columns

1-2
3

Content

Type
Blank or zero

000 0043

Format

12
Il

4 Blank Al
5-10 Output-variable name A6

11-20 Value for K El0

21-30 Value for Tl El0
31-40 Value for T2 El0

41-50 BCDNames
51-60 of BCD
61-70 input variables BCD
71-80 with sign BCD

CONTINUATION-CARD FORMAT

Columns

1-2
3

4

5-10
11-20
21-30

Content Format

Type 12

Nonzero number Il

Blank Al
Output-variable name A6

Names BCD
of BCD

input variables
with sign

71-80 BCD

The interconnections between the blocks in the diagram of the s./s-
tem being studied are given by listing the input variables for each
block. The names of these variables, with a plus or minus sign to
indicate their input sign, are punched one to each BCD field. The
first blank field terminates the list. The first card can hold
four names; any number of continuation cards with up to seven names
per card can be added. The first ten columns of these continuation
cards serve as an identification block and differ from the first
ten columns of the first card only in that they must have a nonzero
number in Col. 3. The continuation cards must follow directly be-
hind their corresponding first card in the data deck.

8/69 /3n
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Equation Input

Differential or algebraic equations may be entered as data, either
singly or in groups (matrices). They must have a single variable
or derivative of a variable to the left of the equals sign and the
coefficient to the left of the equals sign must be unity. The for-
mat for this type of input is given in Table II.

The first card or group of cards defines the names of the columns
of the matrix. Column 2 will have the type number, and Cols. 3-10
will be blank unless continuation cards are needed, in which case
Col. 3 will be a nonzero number. The names of the columns then
follow, seven per card, with the list terminated by the first blank
name. The names may be in any order desired, but they may be re-
ordered by the program as the A matrix is formed. Thus, the print-
out may not be in the same order as the input cards.

After the columns have been defined, the equations or rows of the
matrix are entered on data (D) cards. These cards have the type
number in Col. 2, a blank or zero in Col. 3 for the first card, and
a nonzero number for continuation cards, the letter D in Col. 4,
and the name of the variable on the left of the equals sign in Cols.
5-10. This variable is defined by this equation or matrix row and
must not be defined by any other equation or block in this set of
data. The coefficients are then entered in the same order and the
same number as on the cards defining the column names. Table II
gives the formats for Types 8 and 9, and these two types are recom-
mended for any equation input.

Terminating the Base Data

Any combination of the types described above may be used in one
data deck. The end of the base data is indicated by a card with
zeroes or blanks in Cols. 1 and 2. This card may be completely
blank, or identifying information may be punched in Cols. 4-80.

EIGENVALUE LOCI DATA

When the loci of the eigenvalues are to be plotted (Job Type 2),
the data cards listed below must immediately follow the deck of
base data. Any number of loci may be called for after a set of
base data, each having a control card followed by a card for each
parameter to be incremented. The end of the data is indicated by
a blank card.

0
0

6

533

continued
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tr)

TABLE II. Matrix equations. Type 8 (differential equations) and
0
0 Type 9 (algebraic equations)

000

et..

FORM OF EQUATIONS

X = 5.5 A - 6.2 B + 0.9 C 1.0 D

Y = 0.8 A 3.0 C 2.0 D

Z = 1.1 A + 1.2 B + 2.1 C + 1.5 D

Either the variables (Type 9) or their derivatives (Type 8) may

appear on the lefthand side of the equals sign. The matrix does

not have to be square and the names of the columns do not have to

be the same as the rows. Any missing terms, such as the B term in

the second equation above, must be entered as a zero coefficient
(or blank space) when making up the data cards.

COLUMN-NAME CARD FORMAT

Columns

1-2
3-10

11-20
21-30

71S0

Content Format

Type 12

Blank (II, Al, A6)
BCD

Column names BCD
(signs will
be ignored)

BCD

Continuation cards are identical, except that Col. 3 must be a non-

zero number.

8/69 7
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DATA-CARD FORMAT

Columns Content

1-2 Type
3 Blank or zero
4

5-10 Row name
11-20 Values of the
21-30 coefficients in this

row of the matrix

71:80

Format

12
Il
Al
A6
£10
B10

Continuation cards are identical, except that Col. 3 must contain
a nonzero number.

Control Card

The first card for each eigenvalue loci should have the following
format.

Columns Contents Forniat

1-3 Blank
4-6 Number of steps to be 13

incremented
7-9 Print control, a 1, 2, or 13

3 punch as defined below
11-20 XMAX or XMIN El0
21-30 XMAX or XMIN El0
31-40 YMAX or YMIN B10
41-50 YMAX or YMIN El0

The area of the complex plane to be plotted for this loci is spe-
cified by XMAX, XMIN, YMAX, and YMIN. The maximum and minimum val-
ues for each axis may be listed in either order. This card may be
used by itself with no parameter card following and with the num-
ber of steps (Cols. 4-6) zero, to give an enlarged plot of some
area of the complex plane showing just the original eigenvalues.

The print control (Cols. 7-9) has the following code--

1 (or blank or zero): print only the eigenvalues as

continued
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found by the QR transform after the original set has been found;

the original set will be under the control of the Data-Identi-

o fication Card at the start of the base data

2: add to 1 the printing of the eigenvalues sorted in the order of
their real part

3: add to 2 the printing of all data under the control of the Data-
Identification Card for this set of data

Parameter-Incrementing Data Card

The code for the parameter to be incremented is given in Table III.
The format for this card is

Columns Contents Format

1-2 Parameter identifier 12

3-10 Blank
11-20 Output-variable name AlO

21-30 Increment to be added to El0
parameter at each step
(may be negative)

31-40 Column name for parameter Al0
type 4; for parameter
type 5 and input types
8 and 9, this should
contain the number of
the column of the matrix,
punched in 18 format.
(Thus, if there is one
continuation card and the
third item on it is to be
incremented, a 10 (seven
items on first card, plus
three on second) is to be
punched in Cols. 37-38.

For input Types 1-6, the blocks of the block diagram, any combina-
tion of the parameters in any of the blocks may be specified, up
to a maximum of 150 parameters for PALS1 or 100 parameters for
PALS2, to be incremented in one eigenvalue loci. For example, the
K, Tl, and T2 of the same Type 5 block can 'be incremented together
by including three incrementing data cards, one for each parameter.

For input Types 8 and 9, only one parameter per equation or row of

the matrix may be incremented in any one eigenvalue loci, but par-
ameters in different equations or rows may be incremented in one

continued
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loci. If it is necessary to increment more than one parameter in
a given equation, dummy variables and extra equations must be in-
troduced.

TABLE III. Parameter identifiers.

Number Parameter

1 K (Types 1-5)
2 Tl (Types 1-5)
3 T2 (Types 1-5)
5 Matrix element (Types 8 and 9)

SENSITIVITY DATA

When the sensitivity of the eigenvalues to the various parameters
is to be found (Job Type 3), the data cards listed below must im-
mediately follow the deck of base data. The first card specifies
the number of eigenvalues for which the sensitivities are to be
found. The following cards indicate the parameters with respect
to which the derivatives are to be computed in each case. Any num-
ber of sensitivity cases may be computed. If the derivative is
desired with respect to several parameters at once, Col. 3 of all
except the first card in the group must be nonblank. The end of
the sensitivity data is indicated by a card with zeroes or blanks
in Cols. 1 and 2.

Eigenvalue-Specification Card

The first card following the base data is a control card that de-
termines which eigenvalues will have their derivatives evaluated.

The format for this control card is as follows.

Columns Parameter Format

1-5 IEIGEN 15

6-10 NSTPS 15

11-20 EVU F10.5
21-30 EVL F10.5
31-35 ITN 15

10

517

continued
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The parameters are used in the following way--a
1. If NSTPS (but not IEIGEN) is given, that number of eigenvalues

will have their derivatives computed, starting from the one witha
a the most positive real part and working towards the one with the

most negative real part.

2. If both IEIGEN and NSTPS are given, with IEIGEN less than NSTPS,
and the eigenvalues are considered numbered in order of their
real part from the most positive to the most negative, then
IEIGEN will be the number of the first one used and NSTPS the
number of the last one used.

3. If lEIGEN is greater than NSTPS, or if both are blank, then all
of the eigenvalues with real parts between EVU and EVL will be
used, where EVU is more positive than EVL.

4. ITN is the number of times that the eigenvector and eigenvalue
from the Rayleigh quotient will be recomputed if the change in
the eigenvalue is greater than 0.01% at any computation of the
Rayleigh quotient.

Parameter-Specification Card

The code for the parameter to be used in the derivative is given
in Table III. The format for the parameter-specification card is

Columns Parameter Format

1-2 Parameter identifier 12
3 If nonblank, this card's Al

derivative is to be ad-
ded to the previous card's
derivative

4-10 Blank
11-20 Output-variable name A10
21-30 Blank
31-40 Column name for matrix A10

element

There are no limitations on combinations of elements that can be
used in one derivative as long as no special types of input are
used (see Appendix C of Ref. 1).

FINDING THE EIGENVECTORS

For Job Type 4, the eigenvectors of the specified eigenvalues will
be found. An Eigenvalue-Specification Card as described in the
Sensitivity-Data section must immediately follow the base-data deck.
This is the only card needed. However, a blank card may be added

continued
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at the end of the data as in the other job types.

The eigenvalues and eigenvectors will be written on a file called
TAPE20 by the following FORTRAN statements. They may be read by
some other program by using corresponding read statements.

WRITE (20) (ROOTR(I), ROOTI(I), I=1,N) (called once)

WRITE (20) IROW, PRD, ROOTR(IROW), ROOTI(IROW), (X(I), V(I), I=1,N)

(called once for each eigenvalue, and once for
each pair of complex eigenvalues),

where ROOTR and ROOTI are the real and imaginary parts of the eigen-
value, IROW is the number of that eigenvalue and eigenvector, X is
the eigenvector of the mitrix A, V is the eigenvector of the matrix
A transposed, and PRD is the dot product of X and V. X, V, and
PRD are complex with the imaginary parts zero jn the real case.

SIZE LIMITATIONS

Number of differential equations or state variables
Number of algebraic or constraint equations

PALSI PALS2

500
500

123a
b

70
a

'

Number of Type 4 or 5 blocks in one problem 108 100
Number of input variables to one block (Type 1-5) 1000 160
Number of rows in a Type 8 or 9 matrix 500 160
Number of columns in a Type 8 or 9 matrix 728 160
Number of parameters that can be incremented in one
eigenvalue loci 150 100c

Number of parameters used in one derivative 500 500

a
For PALS2, the sum of the number of differential equations and
algebraic equations must be no greater than 160.

For PALS2, there can be more than 70 algebraic equations for Job
Types 1, 2, and 4 as long as the limit in note 1 is met.

For PALS1, no derivative matrix may have more than 800 elements.
Since this is very hard to predict beforehand, a message will
be printed whenever this limit is exceeded.

REFERENCES

1. Van Ness, J.E., "PALS--A Program for Analyzing Linear Systems,"
Northwestern Univ. Dept. Elec. Eng. (Mar. 1969). Available from
the EIN office for the cost of duplication and mailing.
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SAMPLE INPUT
0

Five examples are given to illustrate how some features of PALS
o may be used. The first four are based on the system shown in

Fig. 1. They are examples of Job Types 1-4 and use a basic system
defined entirely with standard blocks in a block diagram. Example
5 shows a system with an open input to a block.

A listing of the input cards for each example is given on pages
16-17. Vertical lines have been drawn on the listings after
Cols. 10, 20, etc., to help in matching the listings to the data-
card formats given in the User Instructions section.

Example 1: Job Type 1--to find and plot the eigenvalues of the sys-
tem shown in Fig. 1. The first card contains
an identifying title, the job type (1), and
the print control (3). The next five cards
are for the five blocks that make up the
system. The last card, indicating the end
of the base data, could be blank, but in this
case, had a 00 punched in Cols. 1-2 to indi-
cate that it was the last card. (The identi-
fication starting in Col. 5 is only for the
convenience of the user and is ignored by
the computer.)

Ammira

1.067 1 0.5p + 1

0.215--VY

0.625
0.25p + 1

X4

X2 1

0.0667p + 1
X3

1

0.125p + 1

FIGURE 1. Block diagram for Examples 1-4.

continued
tr)
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Example 2: Job Type 2--to plot an eigenvalue loci of the system
in Fig. 1. The first seven cards, the base
data, are identical to the cards of Example
1, except for the change in the job type in
the first card. Three eigenvalue loci are
called for. The first (specified by cards
8 and 9) is to have two increments and is to
print only the minimum information for each
increment. The limits on the plot are to
be -15.0 and 0.0 on the real axis and 0.0
and 4.0 on the imaginary axis. The gain of
the block X4 is to be increased by 0.1 at
each increment of the eigenvalue loci.

The second loci (cards 10 and 11) differs
from the first only in that the T2 variable
of block X2 is to be incremented by 0.01.
The third loci (cards 12 and 13) is in error
and was included to test the error messages
of PALS. (The 4 in Col. 2 of card 13 speci-
fied a matrix element, while variable X2 is
defined by a Type 5 block. An error message
will be printed, and the program will proceed
to the next loci, if one is specified.

Example 3: Job Type 3--to find the eigenvalue sensitivities of the
system in Fig. 1. Again the first seven
cards are the same as in Example 1 (except
for job type). The 5 in Col. 10 of card 8
specifies that the sensitivities of all five
eigenvalues are to be found, although the
program will automatically consider only one
of a complex pair of eigenvalues when they
occur. The 2 in Col. 35 of card 10 sets an
upper limit of two retries with the Rayleigh
quotient if the eigenvalues found by the
QR transform are inaccurate. Actually this
example will have no difficulties in finding
the eigenvalues, and there will be no retries.

Six sensitivity cases are specified by the
next seven cards, calling for the sensitivi-
ties with respect to various parameters of
the blocks. The 1 punch in Col. 3 of the
14th card causes its sensitivity to be added
to the previous card. The 15th card (blank)
indicates the end of the data for this case.

a

14
5 41

continued
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Example 4: Job Type 4--to find the eigenvectors, print them on
o the OUTPUT file, and write them on a file

named TAPE20. The base data are the same
as for the previous three examples, except
for the specification of job type. One card
is placed after the base data to specify
which eigenvalues to use and how many retries
should be made with the Rayleigh quotient
if necessary. This card is the same as the
card which follows the base data in Job Type
3. For Job Type 4, no further cards are
needed. A blank card may be used to indicate
the end of the data deck.

Example 5: Job Type 1 (with open block)--to handle a system with no
input to noe of its blocks, such as the
system shown in Fig. 2. The input cards for
Job Type 1 based on this system are listed.
It should be noted that the inputs for
block A have been left blank. This system
will have an eigenvalue of -0.1 from block
A and a pair of complex eigenvalues from
the closed loop. It is also permissible to
set the gain of a block to zero to open a
path or loop. (This has the same effect as
omitting the inputs to that block.)

8/69

1.0
10.0p + 1 6.0

7.0p + 1

3.0
8.0p + 1

FIGURE 2. Block diagram for Example 5.
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CLASS
2 X1
5 X2

030 X3
3 X4
3 X5

00 END

TEST CASE
1.067
1.0
1.0
1.0

.625
SET 1 C

.2

.0667

.125

.25

1

.5

CLASS TEST CASE
2 X1
5 X2

030 X3
3 X4
3 X5
00 END

2

1

2

3

3

4

A

EDUCOM

Example 1 --Job Type 1

3

-X3 -X5
X1
X2
X3
X4

Example 2 --Job Type 2

2 y
1.067
1.0
1.0
1.0

.625

.2

.0667

.125

.25

.5
-X3 -X5
X1
X2
X3
X4

SET
1

I C

-15.0 4.0
X4 0.1
-15.0 4.0
X2 0.01

2 -15.0 4.0
X2 0.01

(blank card)

CLASS TEST CASE
2 X1 1.067
5 X2 1.0 .2

030 X3 1.0 .0667
3 X4 1.0 .125
3 X5 .625 .25

00 END SET I C

5

1 X2
2 X2
3 X2
1 X3
2 X3
1 X2
11 X3

Example 3 --Job Type 3

3

-X3 -X5
.5 X1

X2
X3
X4

(blank card)

2

continued

16
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CD

CD CLASS TEST CASE

CD 2 X1 1.067

CD 5 X2 1.0 .2

030 X3 1.0 .0667
3 X4 1.0 .125
3 X5 .625 .25

00 END SET I C

5

Example 4 --Job Type 4

1+ 3

-X3 -X5
.5 X1

X2
X3
X4

2

000 0043

Example 5--Job Type 1 (with open block)

OPEN INPUT EXAMPLE. 1 3

3 A 1.0 10.0
3 13 6.0 7.0 A -C

3 C 3.0 8.0 B

(blank card)

Note:

PALS is also capable of handling more-complex systems than the
examples given above. An example of such a system may be found in
Van Ness, J.E., ."PALS--A Program for Analyzing Linear Systems"
[Northwestern Univ. Dept. Elec. Eng. (Mar. 1969)]. More-complex
systems may include sets of nonlinear differential equations as
input; such is the case in the example cited above.(which requires
a rather lengthy explanation).

8/69 17
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COST ESTIMATE

Unfortunately, the exact timing figures for the job li'sted in the

Sample Input are not available. It is assured, however, that the
amount of time expended on the central and peripheral processors
is not sufficient to require a charge greater than $1.00 (North-
western University minimum).

Nevertheless, for the majority of jobs for which PALS is well suited,
it shall be the case that the charge for computer time exceeds the
$1.00 minimum; consequently,there shall be a slightly higher total
run charge.

Approximate charge to user = computer time + postage and handling
+ network overhead

= $1.00 (Northwestern minimum) + $15.00
+ network overhead

= $16.00 + network overhead

CONTENTS

pages

1,2

3-12
13-17

19

4/70

PALS

Identification & Abstract

User Instructions
I/0
Cost--Contents

19

345
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DESCRIPTIVE TITLE

CALLING NAME

INSTALLATION NAME

AUTHOR(S) AND
AFFILIATION(S)

LANGUAGE

COMPUTER

PROGRAM AVAILABILITY

CONTACT

FUNCTIONAL ABSTRACT

EDUCATIONAL INFORMATION NETWORK

000 0044

Computer Means, Median, Frequencies

PROFILE NUCC112

Vogelback Computing Center,
Northwestern University

Betty Benson, Vogelback Computing Center,
Northwestern University

CDC FORTRAN IV

CDC 6400

Decks and listings presently available

Lorraine Borman, EIN Technical Represent-
ative, Vogelback Computing Center, North-
western University, 2129 Sheridan Road,
Evanston, Ill. 60201
Tel.: (312) 492-3682

PROFILE will give mean, median, sum, and frequency counts for up

to 100 integer-type variables. Variables may come from 1-, 2-, or

3-column card fields. However, if many of them are 3-column, the

number of variables that can be processed will be decreased pro-

portionately.

In tabulating responses, PROFILE discriminates between blanks and

punched zeroes. Blanks are considered to be "no response" and con-

sequently are always excluded from the mean and median computation.
This is built in and automatic, and it applies to all variables.
On the other hand, the user may indicate (using the zero-exclusion
card) for each variable whether zeroes are to be excluded or to be

treated as "good" answers. For each variable where zeroes are good

answers, only a count of bZank responses will be printed, N (the

number of responses) for that variable reduced accordingly, and
the sum, mean, and median computed on the basis of the remaining

good answers. For each variable where zeroes are excluded, counts

of both blank responses and zero responses will be printed, both
counts will be subtracted from N for that variable, and the sum,

mean, and median will be computed for all other answers.

6/69 1
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USER INSTRUCTIONS

PL§Irl of .1.92(11_11.1.

Input data must be positive integer values.

Control-Card Preparation

Title Card

Columns Contents

1-80 Any descriptive or identifying information of user's
choice

Problem Card

Columns Contents

1 3 Number of variables (maximum 100)

4 5 Blank

6 Variable-name option. Variables may be identified
by name as well as number on the printout if desired.
Punch 1 if variable names are wanted or 0 or blank if
not. Variable-name cards must be provided if this op-
tion is exercised

7 8 Blank

9 Number of format cards--maximum of 5

10 Blank

11-12 Punch 20 if input is from data tape; leave blank for

card input

Format Cards

At least one and not more than five. Columns 1-80 are available

for punching format. Specifications must be I type. Format card

should begin with a left parenthesis in Col. 1.

Field-Width Card(s)

Column 1 for variable 1, Col.2 for variable 2, etc. If there are

more than 80 variables, continue on to a second card. Information

to be punohed: width of the card field for the given variable;

i.e., punch a 1 'for 1-column variable, 2 for a 2-column variable,

etc.

6/69
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Zero-Exclusion Card(s)

Column 1 for variable 1, etc. (same as field-width cards). If there
are more than 80 variables, continue on to a second card. Informa-
tion to be punched: punch a 1 if zero exclusion is desired for
the given variable, otherwise zero or blank. Zero-exclusion cards
may be entirely blank, i.e, if zeroes are always good answers
and no zero exclusion is desired. However, card must be present
(if more than 80 variables, 2 cards must be present).

Variable-Name Cards

Eight columns per variable name, 10 variable names per card, for
as many cards as %eeded. Must be present if variable-name option
was taken; must not be present if option was not taken.

Description of Output

For each variable, program prints out

(1) mean, median, sum
(2) frequency distributions
(3) number of blank responses (blanks are always excluded)
(4) number of zero responses (if zero exclusion was called for)
(5) number of "good" responses (N for that variable)

Limitations

Number of cases is unlimited.

Restriction on Number of Variables

For each 1-column variable, count 10
For each 2-column variable, count 100
For each 3-column variable, count 1000

Total count must not exceed 20000

Examples

(a) 50 one-column variables... count 500 (50X10)
50 two-column variables count 5000 (50X100)

Total: 5500 OK

4

548

continued

6/69



EDUCOM EDUCATIONAL INFORMATION NETWORK

000 0044

or

<=) (b) 18 three-column variables count 18000
16 two-column variables count 1600
40 one-column variables count 400

Total: 20000 OK

Or

(c) 18 three-column variables count 18000
30 two-column variables count 3000

Total: 21000 WRONG

Note: It is sometimes desirable to use only the first two columns
(the leftmost two of a 3-column variable). This will

(a) save on storage requirements (count 100, not 1000)
(b) save on execution time
(c) reduce volume of output

In some cases, moreover, the frequency counts produced for the
first two columns of a variable might be more meaningful than a

complete breakdown of the 3-digit responses.

Job Deck Structure

(System cards)
Job Card
REQUEST(Tape 20 d) (If data are on tape)
LIBRARY ( PROFILE)
LGO.
7-8-9 EOR (multipunch in Col. 1)

(Program-control cards)
Title card (required)
Problem card (required
Format cards (1-5, as needed)
Field-width cards (1 or 2, as needed)
Zero-excfusion cards (1 or 2, as needed)
Variable-name cards (optional)
Data (if on cards)

6-7-8-9 EOI (multipunch in Col. 1)

6/69 ,r1/4
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NOTE: Multiproblem Processing

1. Data on Cards

Repeat the above, from program-control cards through data, separ-
ating the cards for each problem by a 7-8-9 EOR card. That is, a
7-8-9 EOR card must follow the last data card of each problem.

2. Data on Tape

Repeat program-control cards for each problem. End-of-record marks
on ,.ape must separate data for each problem. No 7-8-9 EOR cards
are used to separate .iuccessive sets of program-control cards.

350 6/69
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Zr SAMPLE INPUT
CD
CD LIBRARYIPROFILE1

LGO.
CD 0000000000000000000000 END OF RECORD
CD EDUCATIONAL. RESEARCH INVOLVEMENT OF INSTINTIONS FOR TEACHER EDUCATION
CD 28 1 1

44X,411,2X,1611,311,412,3X13/
1111333333333333333311122223
1111111111 111111111111111
TYPE
CURRIC.
PLACEMT
001 1111
002 1111
003 1111
004
005
006
007
008
009

LOCATIONSI2E ACCRED AREA LEVEL SOURCE GRANTS AGEINSTSUBAREA
TP41ATIORORATIO XVAL YVAL 2VAL 0-RATIO GROUND MOTIVE PHILOS.
APPLIC. IfrTYPE TAT ROHRSCH EIERNREUTSKILLS DEPTH

001
001
001

111 001

111 001

111 001

121 001

122 001

122 001

010 122 100 001

011 122 100 001

012 123 10000 041

013 123 10000 001

014 123 10000 001

015 123 10000 001

016 223 10000 001

017 223 1000000 001

018 223 1000000 001

019 223 1000000 001

020 223 100000000 001

021 223 100000000 001

022 223 100000000 001

023 223 100000000 001

024 223 100000000 061

025 223 000 000 100000000 001

026 223 000 000 100000000 001

027 223 000 000 100000000 001

028 223 000 000 100000000 001

029 223 000 000 100000000 001

030 223 000 000 100000000 002

031 223 000 000 100000000 002

032 223 000 000 100000000 002

033 223 000 000 100000000 002
034 223 000 000 100000000 002

035 223 000 000 100000000 002

036 223 000 000000 100000000 002

037 223 001 000 000000 100000000 002

03e 233 002 000 000000 100000000 002

039 233 002 000 000 00000e 100000000 002

252 4863 18600300800300606000300300100100301602001003000522201030504
253 4863 18600300800300606100300300100100301802501103000522201030SO4
254 4863 19300300800400706300300300100100302202501203400522202030504
255 4863 20000301000500806500400400100100502402501203500U2202040604
256 4863 20700301000500806800400400200100600702501203500522202050705
257 4863 20800301500500806800400500200100602503101503800522202050705
258 4863 23800301500601007000400500200100602503201504000522202050705
259 4863 24000401700601008300500600300100602503901604000722202050706
260 4863 25000401700601210000500600400200803104001704501322202060706
261 4863 25000501800601713400600600400201203204001805060322202060706
262 4863 25600501900602415000900600500201503904302005901522202040806
263 4863 26000502000702515200900800500305304409602006001822203120912
264 4863 28700502500802516400901200600310007010202006702022203151615
265 4863 344006026009029200023015016005001096k0402507502022203161620
266 4863 42102103001003020002501602201200115313503010002822204203024
267 6965 42404004503610024004003005005000100715003020105022204040560
0000000000000000000000END OF INFORMATION
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SAMPLE OUTPUT

EDUCATIONAL RESEARCH INVOLVEMENT OF INVITJTIONS FOR TfACHER EDUCATION

NO. OF VARIARLESs 28

FORMAT IS I4X041.2X,16I3,3I1,412,3XI3/

FIELD WIDTHS ARE 1111333333
3333333333
11122223

ZERO EXCLUSIONS ARE 1111111111
***WW1
11111111

BLANKS AND ERRORS AHE EXCLUDED FROM COMPUTATION OF MEAN AND MEDIAN. FOR Ai.L VARIABLES.

267 CASES PROCESSED

EDUCATIONAL RESEARCH INVOLVEMENT OF INSTITUTIONS FOR TEACHER EDUCATION

VAR. 1 TYPE NO HLANKS OR ERRORS FOUND NO ZERO RESPONSES

wESP FwEU HEW EPEG OESP FREQ RFSP FRED RESP FRED

1 Hki 2 125 3 a..1 4 79 6 1

MEANu 1.99
MEDIANS 2

'VAR. 2 LOCATION NO HLANKS CH ERRORS FOUND

RESP FOA kESP FRE0 RFSP FRED

Nn ZERO RESPONSES

RFSP FRED WESP FREI)

1 IS 3 77 S 43 7 15 9 1

1 40 4 32 6 23 8 21

MEANS 4.08
MEDIANS 4

VAR. 3 SIZE NO 4LANKS OW ERRORS FOUND NO ZERO RESPONSES

SURE 530

SUMS 1069

SUMS 1035

RESP FRFU RESP FRED 14.32 FwFu RESP FRED RESP FRED RESP FRED

1 6 P 31 3 T4 4 61 g S4 6 36

MEAN= 1.88
MEDIAN= 4

VAR. 4 ACCREO NO KLANKS OW ERRORS MINI)

WESP FWVO HESP FREO

NO ZERO RESPONSES

PESP FRE4 RFs2 FRED

1 2 4 3 2S2
MEANs P.94
MEDIANS 3

CD
CD
4:b

4:b 8

5 5 2

SUMS /SS

continued
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COST ESTIMATE

For the job listed on the Sample Input, the total running time was
4.143 seconds for central-processor time and 12.847 seconds for
peripheral-processor time with a memory usage of 25,000 words.

Chargeable computer time was $1.00 (NU minimum job charge).

Charge to user = computer time + postage and handling + network
overhead

= $1.00 (NU minimum) + $15.00 + network overhead

= $16.00 + network overhead

CONTENTS--PROFILE

pages

1 Identification & Abstract
3-6 User Instructions
T-9 I/0
11 Cost--Contents
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DESCRIPTIVE TITLE Statistical Analysis of Single Equation
Models

CALLING NAME QSASE

INSTALLATION NAME Pennsylvania State University
Computation Center

AUTHOR(S) AND M.C. Hallberg
AFFILIATION(S) Department of Agricultural Economics and

Rural Sociology
Pennsylvania State University

LANGUAGE FORTRAN IV

COMPUTER IBM 360/67

PROGRAM AVAILABILITY Decks and listings presently available

CONTACT Dr. Daniel L. Bernitt, 105 Computer Build-
ing, Pennsylvania State University,
University Park, Pa. 16802
Tel.: (814) 865-9527

FUNCTIONAL ABSTRACT

QSASE is a self-contained library program designed to compute or-
dinary least-squares estimates of single equation regression
models such as iterative least-squares estimates of special non-
linear regression models (as described in Ref. 1), and two-stage
least-squares or limited information maximum likelihood estimates
for systems of simultaneous regression equations (as described
in Ref. 2). For additional details concerning all options, the
user should consult the above references. The following options
are available.

1. listing descriptive information about the problem and naming
variables

2. using original observations or sums of squares and crossproducts
(SSCP) as input data

3. performing various data-editing operations on the input data
4. reading input data from tape or cards

5. printing and/or punching SSCP in either raw form or corrected
form

6. printing zero-order correlation matrix

4/70
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7. printing the mean, standard deviation, standard error of mean, '\

and sum for each variable in the data deck

8. producing a separate listing of all zero-order correlation
coefficients that exceed in absolute value a prespecified
level

9. producing a scatter diagram of any variable against any other 0
variable

10. stepwise least-squares where a least-squares regression is run
0

and that variable with the smallest t ratio is eliminated in
an iterative fashion until all t ratios exceed a prespecified
level

11. two-step least squares where a least-squares regression is run
and all variables are eliminated whose t ratio do not exceed
a prespecified level

12. computing and printing the F ratio for testing the hypothesis
that a linear combination of a subset of the k-1 $'s for a
single-equation model are all zero

13. computing and printing the t ratio for testing the hypothe-
sis that a linear combination of a subset of the k-1 $'s for
a single-squation model is equal to a specified value

14. computing and/or printing for each observation the value of
the dependent variable Yt, the estimate of Yt from the
computed regression Yt, the estimated error YtYt, and the
percentage error

15. producing a scatter diagram of the errors Ytlit against any
other variable in the data deck

16. two-stage least-squares estimation

17. limited-information maximum-likelihood estimation

REFERENCES

1. Hallberg, M.C., "Statistical Analysis of Single Equation
Stochastic Models Using the Digital Computer," Penn. State
Univ. Dept. Agric. Econ. & Rural Sociol. Rep. 78 (February
1969). Copies of this report can be obtained through the
contact person.

2. Hallberg, M.C., "Statistical Analysis of System of Simultaneous
0
0 Linear Equations Using the Digital Computer," Penn. State
0 Univ. Dept. Agric. Econ. & Rural Sociol. Rep. 69 (September
0 1967). Copies of this report can be obtained through the
0 contact person.
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USER INSTRUCTIONS

Control and Data Cards

The data and control cards required by QSASE, as well as the output
for each option desired, are described in the manuals cited below.

Job Deck Structure

JOB Card
//EXEC LIBRARY,PARM=QSASE
//DATA.INPUT DD *
All Control Cards and Data Cards required by QSASE
/*

NOTE: JOB Card will be prepared for the user at the Computation
Center.

REFERENCES

Hallberg, M.C., "Statistical Analysis of Single Equation Sto-
chastic Models Using the Digital Computer," Penn. State
Univ. Dept. Agric. Econ. & Rural Sociol. Rep. 78 (February
1969). Copies of this report can be obtained through the
contact person-.

Hallberg, M.C., "Statistical Analysis of System of Simultaneous
Linear Equations Using the Digital Computer," Penn. State
Univ. Dept. Agric. Econ. & Rural Sociol. Rep. 69 (September
1967). Copies of this report can be obtained through the
contact person.

4/70
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SAMPLE INPUT
Mt
CD
CD

CD // EXEC LIBRARY.PROG=OSASE

0 //DATA.INPOT DD *
CD 72 1

TITLE THIS PROBLEM AND THESE DATA ARE FRnm I., R. KLEIN. ECONOMIC FLUCTOATIINS
TITLEIM THE UNITE0 STATES 19?1-1941. COWLES COmmISSIDN muNDGRAPH *11. WILEY.1950
TITLEwE SHALL KE CONCERNED WITH ESTIMATING THE CUNSOMPTION EUmClION IN KLEIN'S
TITLEh-EDDATION MODEL OF THE UNITED STATES ECONOMY. THE VARIAKLES ARE pEEINED
TITLEAS EOLLOWSIALL VARIAKLES ARE EXPRESSED IN CONSTANT DOLLARS):
TITLE
tIrLE
T1TLF. VARIANLF.
TITLE 1

TITLE 2

TITLE 3

TITLE 4

TITLE 5

TYKE

TITLE
TI1LE 9

T1TLF 10

TITLE 11

11ILE 1?

TIRE 13

TITLE 14

TITLE
IITLF

NAmE
cONSomOTION
NET INVESTMENT
GOVERNMENT EXPE4DITOkES
NEI NATIONAL PRO0OCT
REGINNING YEAR STOCK OE CAPITAT
NON-WAGE INCOME
PRIVATE LAKOk INCOmE.
GOVERNmENT LABOR INCOME
GNET mATIDNAL INCOME
INDIRECT TAXES
TIME1T=1 IN 19201
TDIAL WAGE KILL
LAGGED N0N-wAGE IDCoF
LAGGED NET NAT1UNAL PRUIPICT

NAMi- IC
1\4%04; 21

mAmE 30
NAHF 4onsiP

mAi0- 5K
KislmF hY-wmoi-w46

ii HY-GHV1
1,041,J- yNim]

WW1- 10TX
-A-41,1F 1.014.-17

Hht: 1.210166 KILL
D4141.- 13h LAGGED
DA0i- 144 LAGGED
EDIT ? -1. 4. 9. 10.

11.
1-011 ? 1. 1. H. 12.

EDIT 8 h. 1. 13.
ED11 2 -I. 4. H.

I:01T K 4. 1. 14.

(4)(941-6.1)
1440 34.8 4.7 4.6 41.1 180.1 12.7 2H.8 7.2 43.7
1441 41.9 -0.2 6.6 48.3 182.8 12.4 25.5 2.7 40.6
1442 45.0 1.9 6.1 53.0 184.6 10..9 49.3 2.9 49..1

1473 44.2 .5.2 5.7 60.1 184.5 18.4 34.1 2.9 55.4
14/4 50.6 3.0 6.6 60.2 189.7 19..4 33.9 3.1 S6.4 .

1475 52.6 5.1 h.5 64.2 192.7 20.1 35.4 3.2 58.7
3.3_ 60.3

1427 S6.2 4.-2 1.6 68.0 203.4 19.8 37.9 3.6 61.3
14.48 57..3 3.0 1.9 08.2 lvt.t, 21.1 39.W. 3.7 _04AP

Mob

1979 51.8 5.1 8.1 11.0 210.6 21.7 41.3 4.0 0)7.0

1930 55.0 1.0 9.4 65.4 215.7 15.6 37.9 4.2 57.7
1431 50.9 -3.4 10.7 58.2 216.7 11.4 34.5 . 4.8 50.7

4/70
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1932 45.6 -6.2 10.2 49.6 213.3 7.0 29.0 5.3 41.3
1933 46.5 -5.1 9.3 50.7 207.1 11.2 28.5 5.6 45.3
1934 48.7 -3.0 10.0 55.7 202.0 12.3 30.6 6.0 48.9

1. 10.5 oJ.5 199.0 14.0 33.2 6.1 5 .3
1936 57.7 2.1 10.3 70.1 197.7 17.6 36.8 7.4 61.8
1937 58.7 2.0 11.0 71.7 199.8 17.3 41.0 6,7 65.0
1938 57.5 -1.9 13.0 68.6 201.8 15.3 38.2 7.7 61.2
1939 61.6 1.3 14.4 77.3 199.9 19.0 41.6 7.8 68.4
1940 65.0 3.3 15.4 83.7 201,2 21.1 45.0 8.0 74.1
1941 69.7 4.9 22.3 96.9 204.5 23.5 53.3 8.5 85.3
999 13 1

1 1 . 4 1

061312
F, 2 612
T 2 1. 13 -1.

6
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